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PEE FACE. 



The art of Toymakiiig may be said to be as old as hnmanity. If Adam 
and Eve were, by the pecnliarity of their adult condition, debarred from 
childish recreations, it may fairly be oonolnded that Cain and Abel 
initiated youthful games, and made toys of the sticks and stones, or even 
priceless jewels that met their yiew, and which, no doubt, suggested 
ideas handed down to the present race of babies and children. Astride 
upon a fallen bough, no doubt the wooden horse was simulated as it is 
in the present day by the early races of juvenile equestrians, and most 
probably mud pies and other luxuries were not unknown to the pristine 
families of inventive juveniles. At any rate, toys are to infant minds 
more sought after than books, and mud pies are appreciated as being 
better than none. But if we need toys to delight the youngsters, we 
must have toy makers, and the choice is given us of those muok)-tp-be- 
dreaded toyshops and the home manufactory. Being mechanically 
inclined, and having a wholesome dread of those aforenamed toyshops, 
where every yoangrster wants everything, and whence he emerges more 
dissatisfied than he was before, we have endeavoured to teach the art of 
toy making, so that youthful hands and minds may be engaged, and 
gather that eatisfaction from their toys which can only be attained by 
actually making them. Moreover, we regard toymaking as an excellent 
introduction to the meohanioal arts generally, and have therefore not 
been content to describe the simpler toys, but have advanced, in the 
latter part of the volume, to those which are of a scientific and practically 
useful character. 
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INTBODUOTION. 

As long as there are ohildren to be amused, so long must we proYide 
entertainment for them, and so long will toys exist and toy shops 
flonrish. But though not extremely aged, I am old enough to be able to 
draw invidious comparisons between the toys of my childhood and those 
provided for the young of the present generation, and in few articles 
has snoh an astonishing improvement been made. Talk of the march 
of intellect — ^the march of toydom beats it hollow! I do not believe a 
modem baby would look at such rude creations as delighted the babies 
of fifty years ago. How well I remember the approved type of doll, with 
its meaningless stare, its iUshaped body, and flat lath-like arms and legs. 
Or if we were, by some rare chance, the happy possessors of a doll of 
wax — only allowed to be fondled on state occasions — there were still the 
expressionless features, the staring eyes, set in two shapeless clefts that 
did duty for eyelids, and generally uninteresting character, which, 
happily, we were unable to criticise. Look at the doll of the period, even 
the cheaper sample, with its nicely formed features and pleasing ex- 
pression of countenance — ^many of them absolutely pretty and almost in- 
telligent looking. 

And if we pass from dolls, and such like, to the really instructive and 
highly interesting toys of our time — ^the scientific and mechanigal ones — 
we simply arrive at a elass utterly unknown in olden days. These, 
indeed, pass in an almost unbroken line from*the mere toy to the really 
useful article like the Is. 6d. or 2s. clocks now so largely imported from 
Switzerland and elsewhere, the drawing frame for sketching from natnre> 
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2 TOTMAKING FOB AMATEURS. 

the ahillmg pentagraph, and other graphs and oontriyances which children 
of any age may nse as a means of recreation or otherwise. 

Slightly removed from the genns toy, we arrive at the fret saw, which 
youngsters, say, of twelve years, or even less, may easily use, after a 
little careful instmction, and which is a very serviceable addition to the 
box of tools. This box, like other such articles, has advanced materially 
in quality, and is not the utterly useless affair it used to be (unless we 
foolishly expect for 6d. what no one can make at double the price). 
But in very many cases, especially with a few simple and inexpensive 
tools, we can make toys at home ; and home work of this kind offers 
this advantage, that it interests those for whom we are working, 
«nd therefore renders a double service. The work of construction 
interests, and the result still remains a source of pleasure and satis- 
faction. This I have proved many a time and often, and day by 
day have I been watched by one or more patient and expectant young- 
fiter, as some much desired toy has gradually assumed the well known 
form, and slowly progressed towards completion. I have never found 
the interest slacken, and have purposely worked with the utmost 
deliberation to make the work last the longer. An observant child, 
too, of even four years, will criticise each article very keenly, looking 
for some salient detail which it has learnt to regard as an essential 
part of the toy, a criticism it is always safe to indulge and wise 
to foster. In a wooden engine, for instance, while a child of three 
jears may be content with a cylindrical body mounted on four wheels, 
with a chimney at one end, a boy of four, who has probably had 
opportunities of seeing a real engine, will be looking for the dome on 
the boiler, or the cylinders at the sides, or tender behind, and after a 
while he will expect to see a moving piston-rod, or some indication of 
mechanical action while dragging along the helpless machine of which, as 
jet, he is content to be the source of motion. A few years more, and 
the child ceases to regard this type with satisfaction. The incongruity 
of an engine which needs to be dragged along by its owner strikes him 
forcibly, and he begins to pine for the working model — clockwork first, 
perhaps, but subsequently the real thing — an engine worked by steam. 

Now, we can buy toys of the make-believe kind or otherwise at a cheap 
enough rate, but we can construct them nearly or quite as well, with the 
advantageous results already spoken of. If we confine our labours to the 
make-believe dass, such as wooden engines, we shall find work of real 
interest to ourselves as well as to the small fry who are ultimately to 
become the possessors of our handiwork ; if we go further, and aim at 
something higher and more real, that interest will increase, and in these 
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days of amatenr handicraft we ehall here disooyer new and varied Bnb- 
jeots for home work and home invention. 

Toy-making in a humble way is by no means nnoommon among the 
poorer classes, and b^ the aid of a pocket knife, not of the sharpest, and 
» few simple materials, cottagers' children often supply themselves with 
tops and kites, carts and barrows, which, rude as they may be, bear hard 
knocks and rough usage a deal better than the more finished produc- 
tions of the toy shop. I have, indeed, now and then substituted 
a properly-turned pegtop of ''own manufacture*' for the less elegant 
article, and have found it treasured far more than if I had purchased 
and presented it ; and those readers not blessed with youngsters of their 
own have plenty of scope among the children of the poor for similar 
acts of thoughtful kindness, which will be appreciated to an extent they 
would hardly believe. Toys, except in the most limited degree, are, in 
fact, unknown luxuries in the cottage. 

In a maTiual devoted to toys and toymaking, I feel that some 
classification is necessary, and one or two plans appear to offer them- 
selves for consideration. I might divide them into wooden and metal 
toys, and this arrangement presents some advantage, as a different class 
of tools is needed for each. Or I might draw the line between simple 
make-believe toys and those working by clockwork, steam, or other 
power. But the actual division is more difficult to define than at once 
appears. In the first place many toys are made with advantage of wood 
and metal in combination, and although of these a good many only need 
thin metal cut out and attached without solder, others cannot be satis- 
factorily made without the latter, so that for their construction some 
knowledge, at least, of two trades, the carpenter's and tinman's, is im- 
peratively necessary. I cannot, therefore, draw a decided line between toys 
of wood and of metal, so, consequently, intend following a different plan, 
working from the simpler to the more complicated, and placing mechanical 
toys in a class by themselves. Practically, this will offer an advantage 
of another kind. The simpler toys will be within the powers of many 
of our younger readers, while the more complex will follow as the powers 
of these readers increase by practice, and will, in the meantime, afford 
recreation and interest to those who are already fairly versed in the arts 
of construction. 

There is no difficulty in toy making, nor much in ordinary carpentering, 
to anyone who can fit a mortice and tenon joint well. But to do so 
entails first the accurate squaring up of the pieces to be framed together. 
This is the very first lesson to be leamt, and not an easy one. But it 
is no use to scamp work, whether small or great; and that dogged 
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4 T0TMAKIN6 TOB AMATEUBS. 

peraeyenuioe which will oreroome moet diffionlties in this world is 
absolutely neoessary to insure snocess in carpentering. It ia for this 
reason I would urge toymaking on the notice of my yonnger readers as 
well as tlioie of matorer years. It is not for the sake of the toys them- 
selTes, but to promote the practice of carpentry, that I determined to 
write this book. I want the mannfactore of the toy to lead np to that 
of the real article, be it barrow, cart, roller, or the articles of furniture 
of a doll's house. 



CHAPTER I. 



OBDINABY TOOLS AND MATEBIALS. 

A LABGB nnmber of the oheapest toys imported are made almoBt entirely 
ot nnplaned wood split np by the paring knife, such as is used by 
many tamers in preparing wood for the lathe. This consiats of a blade 
in the centre of a leyer hinged at one end to the workbench, and with 
a handle at the other. The tool may be bought at the shops under 
the name of a paring knife, and although we may, perhaps, get along 
without it, it is well worth our attention, if not just at first, yet at no 
distant date, for by the time we approach the construction of better 
class toys, we shall find it of yery g^^eat yalue. A simpler tool, howeyer, 
for splitting up small pieces (an operation often required) is a shoe- 
maker's or glazier's knife. The latter is made with leather sides, to 
form a handle, which saves the hand from the jar caused by the 
blow, and it is purposely made to withstand the blows of the hammer. 
It is called a hacking knife. The former is a useful tool, and is a good 
shai>ed knife for the work, haying a handle of wood of sufficient size to 
afford a firm grip, while the blade is as long and broad as that of a short 
dinner kmf e, the handle of which is scarcely of sufficient substance for 
the purpose. 

A small saw — a tenon or mitre saw — will certainly be needed for cutting 
across the grain, and a small plane to trim up the edges of the pieces. 
The little iron planes at one and two shillings each are yery useful for 
this purpose, as well as for many others connected with household 
carpentry. A small gimlet or two (preferably twisted), two or three 
bradawls, a glue pot, hammer, and light mallet, with a couple of small 
chisels — one yery narrow (iin.), the other iin. — ^will enable us to do 
a lot of simple work, our ohief difficulty at the outset being the 
production of round pieces for wheels without a lathe to make them with ; 
bnty for early attempts, I will presently describe two fairly efficient 
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Bubstitntes. For nails we shall need small brads or sprigs, and these 
are, in some respects, preferable to the wire nails, of which, however, a 
small snpply will be most advantageous. Glnepot and bmsh, with a half- 
pound or so of the best glne, must not be omitted. For the production 
of small round pieces of wood, the size of shillings and halfpence, for use 
as wheels, of which you are sure to need a good many, a gnn pnnch, 
commonly used for cutting gun wads, and a centrebit, such as is used by 
carpenters, with the scooping part of it filed off, so as only to leave the 
centre point and plain cutter, will be required. You can make a punch of 
larger size if you can get hold of a bit of steel tube, but the gun punch is 
easily obtained, and you can get one of the largest. Probably you may 
meet with hollow punches, of still larger size employed by saddlers, 
plumbers, and others who work in leather. 

There is, indeed, another tool used like a centrebit, the brace, by 

means of which leather, card, or thin wet wood 
may be cut out in circular pieces ; but it is not 
generally procurable in country tool shops. It is 
a sort of expanding centre bit, ingeniously though 
simply made, and not expensive ; but a small and 
cheap hand fret saw will do the work better, and 
serve for other purposes, which the article alluded 
to will not. 

There is a simple little tool, called a bevel, which 

f/ " carpenters generally make for themselves of wood, 

I but which may be made of wood and metal, or it 

can be purchased. This is almost necessary for 
the toy maker to set off such bevels as those to 
which I shall allude shortly. It is sketchedin two 
forms in Fig. 1, A, B. It will be seen to be simi- 
lar to a shut up pocket knife or razor. The best 
and simplest way to make it is to take the bit 
of wood to form the handle — mahogany, beech, ash, or some tolerably 
hard wood not likely to split — and after planing it true on all sides, to 
make a saw out down the middle to within an inch of the lower end. 
This will at once form the handle. For the blade a bit of thin mahogany, 
hoop iron, old saw plate, or similar thin but stiff material may be used, a 
hole being drilled near the end for the rivet, and, to prevent splitting, a 
rivet and washers may also be passed through where the inch of solid 
wood was left at the other end of the handle. In the other, and more 
approved form, with long blade, the rivet is replaced by a screw and 
thumb nut, the former working through a slot in the blade. By this 
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means, when the blade is set to the required angle or bevel, it is readily 
secured and prevented from shifting by a turn of the thumb screw, a b. 
For permanent bevels, i.e,, where a large number of pieces are to be out 
to the same slope, it is better at once to out out a template or pattern 
from a bit of tin, zinc, or thin wood, and to work from this instead of 
using an adjustable bevel, with movable blade. The latter tool is first 
cousin to the square, and may be called a square with a shifting blade, 
which can, of course, be set at right angles to the handle, as well as to 
any other that may be needed. 

Now and then our stock of tools will need additions, but this we 
shall allude to as the special necessity may arise. To recapitulate we 
shaU start with the following : — 



Baiall tenon or mitre saw. 

Hack knife and t hoemaker's ditto. 

Two small bradawls. 

Two tmall gimlets. 

01ae>pot and bmsh. 

Ghm punch. 



Oentrebit and brace. 
Small hand fret saw. 
Two obisels, kin, and iin. 
Hammer and light mallet. 
Bevel. 



We shall hardly get on without a small hand saw as well, and I must 
pre-suppose a work-bench or strong table to be at hand. 

Although we need wood such as willow or lime for purposes where a 
tendency to split would be a drawback, we need in very many other oases 
wood that will split with facility, foremost among such being clean yellow 
pine deal, free from knots and irregularities of grain. This last is 
generally more easy to obtain than the rest, as all carpenters use it, but 
I think all those named can be had, cut in neat thin boards, at such 
places as Samuel Smithers% and other advertisers of material for fret- 
work. Frequently, too, willow and lime may be had without much 
difficulty, but it should be cut into pieces of not more than iin. thick, 
and preferably iin. The universal introduction of the fret saw has made 
such material far more common than before, as these woods are exten- 
sively used for fretwork and carving, and are kept sawn up ready for 
such work. For toys of a higher dass we shall find oak, ash, beech, 
and mahogany serviceable ; but to use these we shall need a lathe of 
some sort which at the outset we should endeavour to do without. 

Never buy inferior glue ; it is cheap, but fit only to make size for 
painters and paper-hangers. Choose, instead of this thick tough abomi- 
nation, the clearest, thinnest, and most brittle that you can get. 

The preparation of glue is a most essential art, and very generally 
neglected. Toung hands especially appear to think that the more thick 
glue they heap upon the work the stronger will be the join. The usual 
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oonrBe is to pnt some pieoes of glne in the inner vessel of the glne-pot, 
with some hot or cold water, half fill the onter vessel with water, and 
pnt on the glne-pot to boil as qnickly as possible, give a stir, danb it on, 
pnt the pieoes together, and imagine they mnst stick fast. This is 
totally wrong. Prepare the glne by putting it into cold water in the inner 
vessel some hours before it is wanted, and there let it soak. It will not 
dissolve, but swell considerably, and form a gelatinous mass. Pnt the 
pot on with plenty of cold water in the outer vessel and let it gradually 
boil. The glue will now quietly melt, and, if you have not put in too 
much in proportion to the water, it will not be stringy or thick, but will 
be about the consistency of cream, if not add a little more water and stir 
it. Never use it thicker than cream — it must run quite freely from the 
brush and not hang in clots upon the work. Perhaps treacle in sunmier, 
or clear run honey may be a better comparison to make, and I am par- 
ticular in speaking about it, as glue is nearly always used too thick and in 
too great quantity, and thus keeps the parts separated instead of holding 
them in close contact. Hence a golden rule is to put on as little glue 
as possible, and also to let it be boiling hot, and the wood also well 
heated. Then if the parts are bound or clamped till dry the joint will 
be so good that the pieces will break at either side, and tear asunder 
the fibres of the wood rather than give way along the joint itself. 

Another requisite for good work is a bowl of hot water and a bit of 
sponge, to be freely used at once to wipe off glue which has run out of 
the joint or dropped on to the work. For you must work quickly, not 
minding a chance splash of this kind, especially in glueing up a long 
joint. Any glued work must be clamped with strong screw clamps or 
otherwise till dry. If you have to join two edges — as, for instance, to 
unite two boards to increase the width — set one up on edge in a vice, or 
BO that it will remain thus ; brush glue along the edge, and also on that 
of the board to be united to it, for which purpose place the second by the 
side of the first, edge upwards, so that you can glue both at the same 
time ; then laying the loose board in its place, move it a few times to and 
fro upon the other, and it will begin to stick ; then quickly adjust it, and 
let it remain till dry. Long boards require two people to manage this 
one at each endj to keep the top one from slipping off as the work 
proceeds. Such joints, made by practised hands, are almost invisible. 
Of course the edges must be planed beautifully true, but we shall not 
have to deal with long joints in ww work, and the glueing operations 
needed will be of t]|^ easiest. 

In paintiQg toys, which are vastly improved by bright and showy 
colours, it is a gopd plan to add copal varnish to the paint, as ic 
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gives it body and Instre, and sayes yon from haying to yamiah it 
afterwards. The so-called laoqners with which model engines and 
machines are coloured is made in this way. If it should become too 
thick to flow easily from the brush, it may be thinned with turpentine. 
Wash the brushes by rinsing in turpentine, finishing with soap and warm 
water. Varnish brushes, howeyer, when intended for this purpose alone, 
may remain in the yamish, or, if strained and allowed to dry, a little 
hanmiering of the bristles will cause the yamish (which is then dry resin 
or gum) to crack and crumble to powder, which you can shake and dust 
out easily. 

Paints can now be bought of all colours, ready mixed, in lib. and ilb. 
tbs ; but the first coat should always be in lead, usually a grey or lead 
oolour. Many colours haye but little body by themselyes, and sink into 
the wood, so that a g^^eat many coats are required to bring them to a 
good surface. Lead has great body and prevents this, and when dry 
other colours can be laid upon it to suit the taste. Any painter will 
mix you the colours required if you do not care to get the tins, but they 
are very handy. Nevertheless, I must confess that these tinned paints 
do not seem to me to dry very hard. The green I have known remain 
sticky for a long time, though sufficiently dry not to come off on the 
dothes. It is a question, however, of *' driers,' ' as it is called — a prepara- 
tion of lead put into the oils to make the colours dry well and quickly 
—and which can be had separately at any painter's shop. If a coat of 
yamish is added after the paint is dry, it should be put on very thinly, 
and on no account is a second coat to be added till the first is quite dry 
and hard, or you will get a sticky surface and in every respect a bad 
appearance. 
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EXPEDIENTS AND MAKESHIFTS. 

IJndbb this head are inolnded yarions handy oontriyanoes oalonlated to 
give asedstanoe to the toymaker. Sometimes it may happen that he is 
unable to get a proper bench yioe, and has to devise an efficient snbstitnte 
to enable him to set npon edge, for planing, the small boards which he has 
oooasion to nse in his work. One of the simplest contrivances I have 
sketohed in Fig. 2, giving a front and end view to render the arrangement 




Fig. 2.— Contbivance fob Holding Boabds on Edge. 



clear. D, in the right hand figure, represents the front board of the 
work-benoh, the shaded one being the top. To this front board is attached* 
by two screw bolts and nnts, a block (E), wedge shaped, as shown, and 
to this is held, by the same bolts, the stout front piece (A), also wedge 
shaped. In the righthand figure E is shaded as a section showing the 
bolt. is the board to be planed, resting on the piece (E) and also against 
the face of the front board (D) of the bench. A wedge (B) is then driven 
in as shown, holding the work securely. Screw bolts are not always used 
for this apparatus, but not only do they hold it far more securely against 
the strain of the wedge, but when the nuts are taken off the whole comes 
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■iPBit, and oan be sinulaily fixed in any oUm plaoe wherereT an npriglit <n 
hoiizonbtl board or sqoued pott oan be (oond ai a fixture on wMali to fix 
Qie parts. It ii only neoMaatj to ban a ooaplo of holes for the boltt, 
and the whole affair can be Beenrely arranged in ten minntet. The wedge 
ahonld be long in proportion to its thiokneia — a gradnal ilope— as it will 
tiks a better bearing and hold more eeonrely ; a slight tap will drire it 
tight enoogh to aeonte the work. 

Another simple plan for holding a narrow bit of material on edge is 
that aketfihsd in Fig. 3, where the shaded part is the top of the bench, 
with the Qsnal planing stop (C). Instead of <^e end of the work resting 
direotly against this stop, a piece of thiok board, abont 6in. long, inter- 
Tcnea, out oat in a large notch 
SB shown. The tUokneas of this 
anxiliaT; piece depends on that of 
the work, of which the edge to be 
planed must, of oonrse, stand a 
Uttle above it, bnt the thicker it is 
the more support will it altoid to 
each aide of the bit of boaid. It 
is essential that the sides of the Fia. 3,— WEDOEFOBHouiniQ boibss. 
y abaped notoh shonld be per- 
pendicular, or tlie work will not stand upright ; and, if preferred, Uie 
latter may be fnither supported by a wedge shaped pieoe on each aide 
between it and the inside or walla of the notoh, bnt this ia not generally 

A good plan ia, however, to nse the additional simple means shown In 
Fig. 4, especially if the atrip is many inohea in length. B is here in 
section the bench top, and A the atrip set on edge to be planed. C is a 
bit of old saw plate, or steel plate of soma sort, abont Sin. long, sharp ai 
the ends and lower edge, which is 
set np on edge agunst the end of 
the work and bench, and secnred 
by a tap from the hammer 
its npper side. The angles thus 
penetrate the work and benuh a 
little, driving the former firmly 
against the planing stop, and also holding it securely enough for planing. 
The backward motion of the. plane does not draw back the work from 
the atop as it otherwise would. This eontrivance is used by carpenters, 
with and without the notched auxiliary stop. I have spoken of it as 
a taw plate, but tUs is hardly 10 thick as it shonld be. There ia no 
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Fia. 5.— AuEBiCAN 
Cljlmp. 



diffioult/, however, in finding a bit of steel Sin. long, an inoh or two wide, 
and saw plate wiU do, if it is part of a pit saw or tolerably thick hand 
saw. Where there are several pieces requiring to be thus planed on the 
edge they may, with advantage, be temporarily united, by being placed 
side by side and secured by a screw damp at each end, or even by being 
tied with stout twine. 

One of the best and neatest clamps for this purpose, as well as for 
many others, is an American one (Fig. 5). It is of cast iron, bronzed, 

about 4in. long. The sliding arm has in the mor- '' 
tice a spring which causes the mortice to catch in 
any one of the little notches cut in the back of the 
clamp. It is easily moved into position, according 
to the thickness of the work, which is then further ' 
compressed by a turn or two of the screw. The 
piece (A) which rests on one side of the work, is 
capable of turning upon the end of the screw, and, 
being broad, forms a better face, and does not injure 
the surface of the work, as the end of the screw 
itself would do. One great recommendation of 
the tool is its cheapness. It is to be had of Mr. 
Churchill, of Finsbury, who imports all sorts of 
American toels and "notions,'' all cheap and generally good. Two or 
three should be procured. 

The general practice of the trade seems to be to tack down on the 
bench a block or two of wood on each side of the strip to be planed, 
between which blocks it is held. When there are several pieces of the 
same thickness to be planed, this affords simple and efficient means for 
supporting them, and temporary expedients of the kind are very general 
in all workshops. A well-fitted bench, however, generally has in the 
npper board a number of square mortices at varying distances apart, 
into any of which blocks can be fitted to act as supports. If these are ■ 
BO arranged as to leave almost the requisite interval, the board can be 
seoured by wooden wedges on one side. 

I have, at Fig. 6, page 13, represented such a bench top and support 
showing the mortice holes so convenient for holding many kinds of blocks 
and supports. No one who has not practised carpentry can fully appre- 
ciate the gre&t advantage of a good work-bench with a smoothly planed 
top of 2in. stuff, a good vice, and wood stops of various shapes. No 
one can face up a bit of wood aceurately that shifts about under the 
action of the plane. It frequently happens, too, in toymaking that a 
bit of stuff has to be planed to an octagon shape, i.e., after being squared 
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up, the angles are each to be remored more or lesi. Here again we 
need blooka, bnt of a different form, like B, Fig. 6, whioh can be alio 
made with a tenon to fit the mortice holes in the bench top. The 
ordinary planing stop will alio be naed, jott as if these blocks were 
absent. They can be also oat ont of lin. boards, like 0, and merely real 
on the bench without a tonon, the piece to be planed being held between 
the planing stop and bit of steel or knife edge already explained. So 
held, it will have no tendency to npset these angular supports, upon 
whioh it rests. True, our present carpentry is in miniature, whioh only 
means that the apparatus mnst be proportionately small, and that the 
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Fia. 6.*Bench akd Stool with Mortice Holes. 



workmanship ought to be so much the neater, otherwise the operations 
are identical. 

In many oases, however, a plain table has to do duly for a work- 
bench, and will answer &irly well for much light work ; but, in that case, 
if there is any mortising or much hammering to be done, a plank of Sin. 
stuff ought to be laid on the table to bear the concussion of the blows ; 
and a common stool, like that shown also in Fig. 6, will be of great 
service, not only for placing stuff upon for sawing, but also when it has to 
be mortised or bored with the brace and bits, or trimmed with the 
hatchet. A small vice, which can be screwed to the table and removed 
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at pleasure, will be neoeasaiy, bnt planing must be done upon the sawing 
stool, as a stop cannot be made to fit tlie table without damage ; a couple 
of nails driven almost home in the stool will answer the purpose should 
occasion arise. Other appUanoes will be described as we go on with 
actual work. 



CHAPTER III. 



THE LATHE AND ITS APFLIANOES. 

As in wheel making for the variona toys, whioh will hereinafter be 
described, it is almost impossible to get on without a lathe, I shall 
devote this chapter to a description of a useful one, and the necessary 
appliances for simple turning. 

In a small volume on '* Turning for Amateurs," published at The 
Baaaa/r Office, 170, Strand, W.C., I have described methods of home 
construction of lathes as well as some patterns made and sold. Every 
year, however, developes new and improved shapes, and I have lately 
oome across a small lathe made at Colchester by the Britannia Com- 
pany that will be found most suitable, and which, from ita low price, 
renders home-made articles of the kind unadvisable. It is a small and 
exceedingly well made bench lathe, t.6., a lathe intended to stand on 
a bench or stout table or fixed shelf ; the fiy-wheel underneath being, 
]£ desired, independent, and on a stand of its own. It will turn articles 
Sin. diameter and about llin. long, and has a slide rest for turning 
metal, which can be omitted if desired. It is also fitted with two 
or three plain chucks. The price is j61 15s., and I am sure no home- 
made affair would prove so cheap, because all the parts are of good 
material weU fitted together. On stand complete, with flywheel and 
treadle ready for use, the price is but j63 10s. ; a rather larger one, to 
turn 6in. diameter, is j64 5s., complete. Small lathes of this kind will 
do all such work as is demanded in toy construction. 

The lathe shown at Fig. 7 on the following page, is on a special table 
which is sold with it if desired, the under part being properly fitted to 
take the bearings of the fiywheel and of the treadle. The side pieces, or 
legs, are oalled the standards, the cross pieces of ornamental shape are 
the braces, and these are very conducive to the stiffness of the frame, 
which is BO important. The fiywheel is mounted upon a fixed stud. A 
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pin in one spoke formi the oiank, utd a ooimeotiDg rod, called in 

Amerioa a pitman, deaoendi to the tieadle. 

The bed la m&de vith parallel oheeka oc " gantiTB," an ugly American 
t«im, and the7 are aconrately taoed on the top and edges. Between 
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them the poppit tntona flb acomatel^, bnt eaeilj, and these poppiti ore 
Moored by their mpeotiTs bolts, fitted with nnta and waaheiB, or holding- 
down bolts and platea, aa they are alao termed. The left-hand poppit 
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is called the mandril head, and the two together are often termed a set 
of lathe heads, and can sometimes be purchased alone to fit np on wooden 
bed and standards. In the mandril head is fitted the mandril, which 
is the spindle which revolyes and carries round the work to be tamed. It 
generally mns in a collar at one end (the right), and against a pointed 
steel screw called the back centre or tail pin. The collar is nsually of 
steel, yery tmly bored and hardened, bnt it is sometimes of brass or other 
metal, and is also not nnfreqnently omitted altogether, the mandril 
running in the cast iron bored to receive it. All the better lathes, how- 
ever, have collars, and sometimes there are two instead of one. 

The wheel on which the cord, gnt, or strap is placed, and by which 
the mandril is driven from the fiywheel, is called the pnlley. It is here 
made of cast iron tamed bright, bat is often of brass, wood, or gan- 
metal. The mandril nose, or part which projects throagh the collar, is 
here fitted with a chack — ^in this case a driver chuck. If this were 
removed, it would be seen that the mandril nose has a screw cat apon 
it, on to which the varions chucks are fitted. 

These queerly named articles — chucks— are intended to hold the wood 
or metal which is to be turned, and are therefore of various shapes. 
Some are for holding thin fiat pieces of board, such as would be used for 
taming wheels, or platters, or stands of various kinds ; others are for 
soHd blocks, such as we should use in turning boxes ; others for turn- 
ing metaL The centre chuck, or driver chuck, on the mandril, is one 
of these. Then we have a hand rest, upon the T of which the tool 
is held; a rest consists of the sole which stands upon the bed, and 
is secured by a bolt and hand nut, the socket, or hoUow pillar cast in 
one piece with the sole, and the T, or tee, which is made with a cylin- 
drical stem to fit the socket, so that it can be raised or lowered and 
fixed at any height by the clamping screw at the side. The under side 
of the sole has a long undercut groove or channel, in which the head 
of the holding-down bolt fits, so that it can be drawn out or set in 
nearer to the bed according to the size of the work to be turned. 

There are, in the case of larger lathes than the one illostrated, several 
such tees, some long, some short, and others, for metal turning, with fiat 
tops, on which the heel of a metal-turning hand tool can rest and take 
a firm bearing. The other poppit is variously termed the sliding poppit, 
movable head, or back poppit, and its point, against which one end 
of the work rests when it is so long as to need such support, is 
called the back centre. It is generally removable, being screwed into the 
cylinder or fitting into it by means of a conical end. The lathe here illus- 
trated would be said to have a cylinder poppit head and leading sorew, 

c 
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baoftOM, by tanaag the hand wheel whioh U attached to e, Boeeir indde, 
the ojlindriosl piece of iron into whioh the centre la fitted is moved to 
•nd fio withmt itself tnmiiig round. This ia now almost tiie inTariHible 
rule eren with aheap lathes, bnt in old days the baok poppit meralj oaraiad 
ft pointed aoiew tapped into it. Ton Bmj itUl find these— general^ in 
wooden poppits in oarpetiteTB' and wood tamera' workshops. They are. 
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of oonise, fai inferior to the other pattern, bnt wliere ordinary plain work 
is reqnired, nich aa oocpenters aie called upon to do, thsse poppits serve 
well enoogh. The Tarioos p&rts of the Utlie will, I think, be now 
nndenrtood hy their teehnioal names. 

At Fig. 8 I giTe a set of ohnaka and lathe applianees that are abso- 
intelT ueoMsazy even tor anoh simple jobs as are required in tlie 
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mannfaohire of toys. All the ohnoks screw on to the nose of the mandriL 
A (Fig. 8) is the taper screw ohuck to hold short pieces of soft wood, 
which do not then need the support of the back centre. Ton may 
also use it to hold short pieces of box or hard wood, but most first 
bore a hole nearly the size of the large end of the taper screw with 
a drill or gimlet. All bits of board for wheels and such like can be 
held securely by this chuck. B is the square-hole chuck, and yon can 
fit into it the fork, C ; B, the cross fork ; E, drills and boring bits with 
squared sockets, or small rods of metal or hard wood squared at one end 
to fit the hole, which is slightly taper. D, the cross fork, is for hard 
wood instead of C, which will not take a good hold. A couple of shallow 
saw cuts are made in the end of the piece to be turned, into which the 
prcyjecting cross of steel falls. Of course, the saw cuts are made to 
cross each other at right angles, being, in fact, exactly like the face of 
ibis ohuck piece. Wood is very firmly held thus, with the assistance 
of the back centre, and can be taken out and replaced to run truly, 
which is not easy with most chucks. Instead of the square hole ohuck, 
however, a round hole is often used, tapering somewhat, and the forks 
and drills are more easily fitted thus to run truly. They are made with 
one side filed flat, and there is then a side screw to secure them. A 
square-hole chuck should, however, always be added, even if the round 
hole is used as well. 

Next, at F, is represented a cup chuck. These are of wood or metal ; 
generally there are a few of metal varying from Sin. or 4in, diameter 
down to lin., and any others are made of boxwood, as they chance to be 
needed. Indeed, you will never get along without a lot of wooden chucksi 
which you will hollow out to the size you require ; these are plugged 
and bored again and again till worn out. The metal cup chucks are 
handy, especially because you have not the trouble and difficulty of 
cutting the screw thread to fit the mandril, and, of course, if any one is 
too small or too big, and you have not the precise size needed, all you 
have to do is to drive in a plug of wood and bore it out to suit the work. 
But there is no occasion for a great many metal cup chucks, and it is 
better to make them of boxwood. I generally recommend from four to 
six as a sufficient stock of metal ones, and you can get on wholly with 
wooden ones if money is scarce. 

G is the chuck that is ordinarily used for turning bars of iron or steel, 
and is seldom employed for any other purpose. The socket, G, screws 
to the mandril. It has. a square hole through it sideways, to receive a 
cranked bar of iron or steel, which is secured by a side screw. A centre 
point is either made in one piece with it, or screwed in, which is the better 

c2 
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plan. It is plain that if we make a central shallow hole with a pnnch or 
small drill at eaoh end of the rod to be tnmed, it can be mounted between 
centres, as it is called, t.6., held np by the back centre and that of the 
driver chnck ; bnt if we set the lathe in motion, the bar will not torn 
with the mandril, as it only lies between the centres, and is not attached 
to either. Hence we need a carrier, H, of which various sizes are kept. 
This is slipped on the bar ab the end next to the mandril, and is clamped 
to it by the screw. The tail of the carrier will now, therefore, as the 
mandril rotates, be caught and carried round by the pin of the driver, 
oansing the bar to rotate also. When the furthest end of the work is 
tomiad to the required size, the carrier is removed to that end and the 
bar reversed, end for end, in the lathe. This is, in point of fact, an 
example of accurate work, supposing in the first place that the lathe 
centres are true to start with, and this method has one special advantage 
— ^that the work can at any time be replaced truly in the lathe if the 
drilled holes (called centres) are left in the ends of the bar, as they 
always ought to be. The form of carrier here g^iven is that most com- 
monly adopted, and from the pear shape of the opening it holds the 
work well, the screw driving the bar into the more angular part of the 
opening. There are, however, other forms, some specially made for 
holding square bars, others for screwed rods, but they need not be 
detailed here. 

Another form of chuck, G, is sold — a flat face plate, with a projecting 
pin adjustable in a slot so that it can be put nearer to, or farther 
from, the centre point, which generally in such case fits in a hole bored 
in the end of the mandril itself. The pin catches the tail of the carrier, 
just as the bent bit of iron does in G. There is not much to choose 
between the two — on the whole, I like G the better ; only one cap some- 
times use the other as a face plate, especially if it has two slots, as it 
ought to have. The pin fastens with a nut at the back of the plate. 

I represents a pair of outside and J a pair of inside callipers for 
measuring the size of cylindrical work, solid and hollow. There are also 
made out^nd-in callipers in one, bnt they are not much in use, as they 
seldom give accurate results. The intention of these is to provide means 
at once to measure hollow work with one end of the instrument, while 
the other gives the exact size of a cylinder that would fit it. E is a 
flange or disc chuck, used sometimes to hold bits of plank attached by 
short screws, inserted from behind, instead of using the taper screw 
chuck. Sometimes it is made only with little projecting points instead 
of screw holes, and the work is pressed against it by the point of the 
back poppit. It is, in fact, a small face plate, and is very useful for 
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tnmiiig a diso of soft wood. This is made also of wood, but is better 
when of metal. L is a useful, if not indispensable, appliance, called a 
ooneplate or boring collar, generally of metal. The lower part is a low 
p(q;>pit, the circular part a disc of iron iin. thick, which turns on a 
central bolt, by which it can be securely fixed when required, so as not 
to turn round or shift its position. Holes of graduated size are made in 
it as shown, each being conical and turned smooth, the largest part of 
the holes facing the mandril when in use. Its object is to enable a 
turner to get at the end of a long piece of wood or metal in order to bore 
it, which, of course, he could not accomplish while it was supported on the 
back centre. He therefore removes this, and, selecting one of the holes 
of the oone plate that wUl admit the end of the piece, but will not let it 
pass entirely through, he places this hole upwards, turning the plate 
round untU he sees the work run evenly and truly. Then he fixes the 
poppit by its holding-down bolt and damps the round plate by its centre 
screw and nut, taking the back poppit away altogether. The rod cannot 
escape or get loose, although the turner is able to get at its end with a 
drill or boring tool. 

Another way of making this appliance is to have a bit of iron or hard 
wood like M, the tail of which fits into a hand-rest socket and in the 
slit of the upper part of which a straight slide, N, fits nicely. This 
slide has a set of conical holes like those of the circular plate, and 
can be adjusted to the required position, and clamped by the screw • 
on the top of the part M. Even if M is of iron the slide is very generally 
made of wood. P is called a turner's square, or depthing gaug^e. You 
can make one so easily that it need hardly be bought. Take a bit 
of hard wood, and plane it up to the form of a strip about 2in. or 
Sin. long, iin. wide, and about iin. thick. Drill a hole through it 
exactly at right angles to its length, and large enough to allow a 
steel rod— a knitting needle of medium size— to pass rather stiffly 
through it, and it is done. You use it to gauge depth by putting the 
needle inside the hollow and sliding down the bit of wood till it rests 
on the edge of the work across the mouth of the hole. By keeping the 
needle against the wood inside the hole you also find out if the work is 
square. If bored truly and not oonically, the wood slide will rest evenly 
across the mouth of the hole. These instruments can be bought, beauti* 
fully made in gunmetal, with either a fiat or round steel slide ; but for 
toy-making and other woodwork it is just as well to have it home made — 
only the hole in the wood must be correctly bored. To do so, mark all 
round with the square, and with a gauge (Uke that described already) make 
a line across it on both (opposite) sides, and bore where the lines cross 
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each other, half from one side and half from the other. This should be 
done with a drill slightly smaller than the needle or steel rod, and must 
be followed by another, very little larger, nm qnite through at once to 
finish and smooth the hole. In this way yon can always bore a hole 
aconrately in any direction, because yon mark the point of its entrance 
and exit first, and insure its gdng truly from one to the other. 

There is very little lathe work that cannot be managed with the chucks 
and fittings I have here described and illustrated, and few regular wood 
turners have more. The only addition, perhaps, is a backstay, a very 
simple affair as ordinarily made by workmen. It is a wedge-shaped bit 
of ash, or elm, or beech board, about fin. thick, with a notch sawn in it, 
as shown at B. The smaller end is placed between the cheeks of the lathe 
bed, and the rod which is being turned rests in the notch — ^this prevents 
the rod bending under the action of the tool, which is the only object 
of a backstay. A wooden wedge is driven in behind this stay to keep it 
steady and in light contact with the work, but it must not press against 
it so as in the least to spring or bend it. There are much more elaborate 
affairs sold for the same purpose, but, except for rods of metal, none is 
much more effective in use than the simple one here illustrated, which is 
commonly used when broom handles, curtain rods, and similar plain 
articles are turned^ which are too long and slender to withstand unaided 
the application of the turning tool. It is always better to turn without 
it, notwithstanding, when possible. 

The many turning tools used by those who work in wood and metal, 
and especiaUy those who practise ornamental turning, are not required 
for toy-making. A couple of gouges and chisels will do most of the wood 
work, and for metal, a graver for iron and steel, and a round and 
fiat tool for brass, will enable a greub deal to be done. But when I 
come to speak at length of toys made of metal I may have to call atten- 
tion to one or two more. 



CHAPTER IV. 



SIMPLE TUBNING. 

I wHiL now describe the aotnal nee of the lathe and applianoes detailed in 
the last chapter. First as to simple discs of wood to be used for 
wheels. For these yon need only a parting tool, which is yery like an 
exceedingly narrow mortising chisel, bnt it is ground away on each side 
of the edge so that it may not jamb in the cnt as it proceeds. If yon 
have np snch tool, a small mortice chisel will answer, and, indeed, I hare 
frequently used it. 

Yon must first plane the bit of thin board iin. or fin. thick on both 
aides, and then cnt oS a square piece large enough to contain a drde 
representing the wheel or disc required. Draw lines from opposite 
comers, cutting each other in the middle, and where they cross bore with 
a gimlet a hole nearly the size of the bottom of the taper screw of the 
chuck A, this being the one to use. Screw on the piece till it rests quite 
flat against the face of the chuck, which should be first screwed on to the 
mandril nose. The work is now securely mounted. Loosen the holding 
down bolt of the rest and also the screw which secures the T, bring the 
rest up to the work, turn the T so that it lies flat against and almost 
touching the work, and adjust the heighth of it, which should be a little 
below the line of centres ; this will bring the edge of the todl upon that 
line, or nearly so. In this case it is not important to place it exactly 
at that heighth, but it is as well to have it thereabout. 

Now set the lathe in motion, gfive it a fairly quick speed, and bring 
the tool gently up to it. When you set a square piece into rapid rota, 
tion it looks circular, so yon are to take special care to place the edge of 
the tool fairly within the square, or else the angles will catch the tool, 
and the result will be, in all probability, the speedy detachment of the 
wood from its chuck, while it will be split in half, and have to be replaced 
by a new piece. Proceed carefully, therefore, in this respect, and 
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advanoe the tool gently, especially when nearly through, which it will be 
in a few seconds, and presently the outer part will drop off npon the tod, 
leaving the disc or wheel npon the chnck. 

Of course, we can hardly call the operation here described turning ; 
it is merely holding a jiool almost still against the face of a bit of board, 
which board was previously made smooth by the plane. At the same 
time you may do it well or badly. The wheel may be true on the 
pdge and square to the face, or it may be conical, and in any case it may 
not be smooth. If needful, it may now be trimmed to greater accnrapy 
with a chisel or a gouge. The chisel is the right tool, but must not be 
held on the rest as now placed, but the tee must be turned round to lie 
parallel to the lathe bed, and may also be raised much higher, even 
almost as high as the top of the wheel. Then the chisel can be held 
almost horizontally, but so as to cut off a very thin shaving, else it 
will hitch in and split off a bit of the wheel and spoil it. If it is of 
deal, which splits very easily, there will be still greater danger of this 
mishap. What you have to attend to is to make the chisel cut and not 
scrape. If you turn the T of the rest round, keeping it level with 
the centres, and lay the chisel flat upon it with its edge in contact with 
the work, it will scrape and not cut smooth; if you hold it at an 
angle, sloping the handle downwards a good deal, it will out, but to 
slope it sufficiently you will have to hold it so low that it will be 
awkward to use ; but if you raise the rest nearly to the top of the work 
as it revolves, the chisel will be at the necessary angle without having to 
be held thus awkwardly, and you can make it cut the wood nicely 
and detach a very thin shaving, which is just what you require. 

An easier tool to use is fche gouge, but it is a litfcle awkward in this 
particular case if the wheel or disc of wood is of less size than fche chuck) 
because the tool then touches the face of the chuck ; if it is larger and 
the gouge is held even at a much greater angle to the work — i.e., not 
nearly so slantingly — ^it will cut the wood smooth, and the tool will not 
catch in. It is not so very important that the edge of a toy wheel should 
be smooth, but as it affords a lesson in the use of the turning tool, it will 
certainly be advantageous to finish it in this way. I think that it is quite 
as well not to allow a novice to use a chisel at all for some time — not, 
in fact, untU practice has enabled him to keep up the treadle action 
without swaying the upper port of his body and so causing the hands 
and the tool to partake of the motion of the legs. After a while the 
turner will find that the lathe wheel almost runs t>f itself, so unconscious 
does he become of leg work while concentrating his attention on the tool, 
and he will find no difficulty in standing as steadily on one leg as any 
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pxMe. At finit, lioiraTer,he will Bnd the treadle work not onlj laborioiu, 
but A unroe of trouble, owing to th« nDite»diiieH it oanaei to the vtm* 
anA bauds and, oonaeqnently, to the tool. I do not msui, b; the by, 
that leg wDik at the Isthe with a bit ot atnlt unne Sin. in diameter ii not 
nffieientlj 1»horione to be tAt—laj: from it, but that when the knaok is 
•ocpured of driring the lathe in thii way the attention ia no longer giren 
to it, but oondentrated on the work in hand, whilo the leg moTea, as it 
ware, ftatomatiaally, eai^edally with a lij^t ninning flywheel. 

To avoid a hitoh in, wbioh ii the evil oommon to beginners, attention 
mnat begireutothefonnoltoolinnae. The gonge nity be nud with far 
gnaterfreedomin this Tespeot than the chisel, ae leomsri ipesdi^ disoovev. 
Bat why t Simply became there are no poiats terminatiDg the edge, the 
enrred fcsm of whiob lifts the eitremities of the ontting edge olear of the 
work. Bat yon may nsrertbeless bo nse a gouge as to nmlie it oatoh m. 




A' 




Fia. S.^WOOD TUHICBD WITH A Seodldkb. 

In Fig. 9 A is lepieaented a bit of wood turned with a shoolder, i.e., a 
part <d it is higher than the reit. Flaoe a gonge at a in the poslUon shown, 
■ad th« left side of its onrred edge ia snrs to gst caaght. Henoe yon 
niut so plaoe it m entiiely to free tbis edge, i.«., plaoe it like b of B, 
in which pocdiion yon oan fiMW np alao the shoolder itself, bnt whan 
jon get down to the ootnei yon mast take care tbat the opposite ec^ 
is not DOW oaaght by the smallet oylindrioal pact of tha work. The 
nd of a gonge ia like e, i.e., it is of an elliptio or somewhat pointed 
form, BO that with a litUe management yon can get into tolerably small 
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comers, bni in tnnung oylindrioal pieces after they have been -ronghed 
down it is nsoal to lay the tool on the rest, so as to bring into action 
the sides of the edge, e to d, or a to b, instead of the point, thns making a 
near approach to the chisel. With this yon can level a cylinder rery fairly. 
As a mle, nse as large a gonge and chisel as the work will allow, a broad 
chisel being more easy to manage safely than a small one, becanse its 
comers are more easily kept clear of the work. 

From what I have just said it will be clear that to face np a shonlder 
or to smooth the end of a cylinder with a goage, the bevel of the tool 
(the iMbrt where it has been ground) is to be laid nearly flat against 
the wood, the hollow part of the tool being, therefore, outwards. Thns 
held, it can be need with safety, and will make good work. From 
this we shall get at the method of hollowing ont a bit of wood with the 
same tool, which is a pecnliar way of using it, but a very effectual one. 
We will suppose a bit of wood driven into a cup chuck and already turned 
up to a cylindrical form. Lay the gouge as explained, and face it truly, 
using chiefly the point and working from the outside to the centre, 
the rest being turned round, as if for turning a cylinder, i.e., 
parallel with the lathe bed, or standing nearly parallel, but somewhat 
across the bed. Having arrived at the centre of the piece move the 
point of the tool so as to dig in — it wiU not catch — and gradually 
carry it beyond the centre while you thus turn it inwards. Bightly 
managed it will cause a continuous coiled shaving to flow out of 
the hole, which is also rapidly deepened and cut very smoothly. 
Boll the gouge over gradually as you proceed and work it upwards till 
it lies with the hollow downwards. The movement is difficult to describe 
or to illustrate, but the peculiarity consists in carrying the tool point 
beyond the centre, so that, instead of enlarging the hole by workifig on 
the nearest side, you do so by working on that farthest from you, the rota- 
tion of the piece you are operating upon tending, therefore, to lift the tool 
off the rest. The rapidity, however, with which soft wood can be 
thus hollowed out is very remarkable, and it is altogether well worth 
the pains necessary to acquire the knack of using a gouge in this way. 

The only part you cannot get at is the angle inside a deep hole, such 
as the inside of a match box. For this in soft wood there is a special 
tool, but it is so seldom found in an ordinary turner's shop that I do not 
recommend it. It is very difficult to use, and a chisel may be substi- 
tuted for it just to clean out a comer, or an inside tool, such as is always 
used for hard wood. A regular turner does nearly everything with his 
gouge and chisel, and the array of tools which are seen in an amateur's 
tool rack are seldom found elsewhere. The more the learner practises 
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wiih these two simple tools alon^ the more speedily will he become a 
good practical tunier. 

I haye already stated that the gonge is a much easier tool to use than 
a chisel. The latter, as used by tnmers, is ground slantingly at the endf 
so as to make one point mnch more aonte than the other. It is also 
ground or bevelled on both sides alike, so that it can be turned oyer 
and used in either direction. The difficulty in using it is to keep both 
the angles clear of the work ; if either catches it immediately digs in 
and tears the surface. As the chisel has a slanting edge, it is easy so to 
place it on the work as to keep the sharpest angle clear, i.e., above it ; 
and if you keep this upi>er one free, the other will not catch in. 

Some use the keenest angle as the lower one, in which case keep the 
blunter angle clear ; but the more usual and orthodox plan is to keep the 
sharper angle upwards, and always to work downhill, with the blunt 
angle leading, i.e., if you are turning a cone or a tool handle with a hollow 
or smaller part, and then again a larger part just by the ferrule, begin 
at the larger, and go downhill each way to the smallest part of the 
handle, so that the two downhill cuts meet at the bottom of the hoUow. 
If you try to work uphill you only work ag^ainst the grain, and good 
smooth work is hopeless. If the piece is to be made level, and has no 
enlarged or hollow i>art, it is plain that you may lay the chisel flat, and 
work in either direction you please, but then again you must keep the 
highest angle of the chisel clear ; in fact, you must so manage matters 
as to use only about three-quarters of the edge, and at first you will 
hardly do even this safely, but after long practice you will probably be 
able to use all but just the angles, and yet seldom or never have a 
hitch. When the chisel can be freely used, now to the right, now to the 
left, cutting in either direction clean thin shavings, no difficulty will be 
found in turning any article in a workmanlike and masterly manner. 
Hence it is always best to begin with soft wood, as the substance most 
difficult to work, hard wood requiring different tools and a different 
method, far easier to learn. 

If you can get half an hour in a turner's shop and make use of your 
eyes, you will learn a deal more than a book can teach, and if the turner be a 
good-natured fellow he will i>erhaps be amenable to the gentle influence 
of a half-crown and teach you a little practically, though, I confess, 
I have not found this always easy. In London, however, there are now 
professionals who make it a part of their business to give instruction 
to amateurs at a stated price, and beyond all doubt this is by far the best 
way for the latter to learn the art. 

The hard wood tools include the gouge and a flat tool or blunter kind 
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of ohisel ; but these are supplemented by many others — ^inside tools, right 
and left side tools, ronndand point tools, parting tools, beading, and some 
others nsed for special work — to say nothing of sets of hand chasing 
tools for cutting screws. The beet way for a novice is to go to a tool 
shop and get about a dozen, the price averaging 8d. each, handles Id. 
or 2d. extra, if of beech or hard wood with good ferrules. Take beech by 
preference, unless you wish your temper tried by the tools when in use 
dropping out of their handles. But I will give you a wrinkle : mix and 
melt together some reein and brickdust, warm the tang of the tool till it 
arrives at about boiling^ water heat, dip it in the mixture, and drive it 
gently home in the handle. The tool will then hold well. But first observe 
that people are apt to expect a square tang to fit a round hole. The latter 
is always drilled, and it is a good plan to keep a bit of steel the shape 
of a tool tang, which can be heated red hot to bum out the hole a little 
way. It needs a mere touch, and then the charcoal formed by the 
operation should be just cleaned out by means of a small file, and the tool 
carefully fixed as directed. A little extra trouble is well bestowed, and 
will save future annoyance. I have myself had tools drop from their 
handles by the mere act of putting them up in the tool rack, especially 
when the handles have been made of ebony or other hard wood. For 
metal turning tools ash or beech is far preferable, and so it is for those 
intended for other work. 

The hard wood tools are all bevelled on one side only, and are not 
strictly cuttmg tools, as their action is more of a scrape ; still, when 
in good order they detach shavings and leave a good surface. Most of 
these tools are held horizontally on the rest, so as to bring their edges 
(bevel below) on the line of centres. The gougre is first used to rough 
down the stuff, unless it is very hard, in which case it is sometimes 
roughed down by a point tool or a small round end tool. The hard wood 
gouge is ground to a shorter bevel, so as to form a more obtuse edge 
than that needed for soft wood, which latter cannot be too keen. To 
avoid digging a channel in the face of the stone, lay gouges across 
it while grinding them, and roll them over to and fro upon their bevel. 
They are finished on slips of oilstone rounded at their edges, and called 
gouge slips. You can get them of all sizes to suit the sizes of the gouges, 
some of which are more than an inch wide, while others run as small as 
iin. or even less. Two at least should be had, iin. or }in. and iin. 

To hollow out a bit of hard wood begin with a drill or a small 
round end tool. There are drills made for this work which fit in wood 
handles like other hand tools, but a twist drill fitted thus is best. Then 
enlarge the hole with a right side or inside tool, and extend it to the 
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regnired size, finisliiiig the bottom (if & box or Bixnilar article) with the 
end of a flat tool, or with a carpenter's common chisel. If the inside 
is to be bellied out like a child's top there are inside tools on purpose. 
They are, in fact, of all possible shapes. Do not get any monlding tools, 
howerer, nor any that yon can do without. Perhaps the following list 
may be of service in the purchase of them : two gonges, }in. and ^in. ; 
two chisels, lin. and iin. ; two parting tools, one for soft wood and one 
for hard ; one point tool ; two round (one very narrow, cutting at point 
and edges) ; one flat ; one right hand, or inside tool ; one left ditto. 
These will do a lot of work if used skilfully, and can be added to as 
required. 

Hand tools wiU suffice, I think, for all toy work, eyenindusive of small 
engines, and everything that can be so done should be, in order to 
acquire skill in the use of hand tools before proceeding with those ordi- 
narily used in the slide rest. 

For metal turning the list of necessary tools will be found to be very 
simple, a couple of gravers, a triangular tool, a round end, a point tool 
and a flat tool, with one or two inside tools for brass, and, of course, a few 
drills being all that is required. The triangular tool may be made of a 
three square saw file with the teeth ground off on each face and the point 
ground off at a small angle so as to produce a little triangular facet. The 
grayer may also be made of a square file with its teeth similarly removed 
and the end ground off comerwise at an angle of 45deg. (a mitre), so as to 
give a lozenge shaped face. Whether economy, however, is a great object 
in the case of tools which may be bought for 4d. or 6d., and of which two 
at most are needed, is a question for the toy maker, but saw files may be 
had for nothing, or at most for a penny, and it is an easy matter to con- 
vert such into tools. Files are very hard and brittle, but the temper may 
be slightly reduced by laying them on a plate of red hot iron and watching 
till the colour is a deep yellow and begins to turn to a purple, and then 
dropping it into a pail of water. Thus tempered, the point will be less 
liable to break, but for my own part I generally leave them quite hard. In 
a similar way you may make excellent flat tools for brass out of a flat 
parallel file which must be ground off quite square at the end and sides ; 
and a square taper file, broken off to a length of four inches, and ground 
flat on each face and on the end, but tapering somewhat, will be found 
most useful for turning brass. It will do inside or outside work, using 
either of the angles as the edge, and the square end will also come in for 
many an odd job. Tools for brass work must never have sharp edges ; 
fhey are ground off quite square or to a very obtuse angle ; but iron and 
steel work need acute edges. 
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To use the graver, which will always give excellent results when once 
the way to nse it has been apprehended thoroughly, I might almost repeat 
the directions I gave about the tnming chisel, viz., lay the bevel or face 
almost flat against the face to be attacked. This face will be the right 
hand end of a bar or cylinder that is to be made true ; and, thns laid, 
bnt with scarcely more than the point of the tool in action, it will imme- 
diately begin to cnt a small neat shaving, the upper edge of the lozenge- 
shaped face being the cutting edge. Thus it is evident that the graver 
is held with one of its angles upon the rest, which angle will take a 
hold and prevent the tool slipping away from its work. The graver is 
not to slide along the rest like a gouge or chisel, but held in one spot, 
and turned upon it as upon a fulcrum, and the point of the tool as it 
advances will describe a short curve, and presently get out of cut. As 
soon as it has done so the tool is shifted forward to a fresh position. 
The work is thus done by a series of cuts, each extending perhaps iin., 
and ultimately the bar is made true by the application of the same tool, 
so used as to bring one of its edges parallel to the work, or by a flat tool, 
and it is generally flnished with a file while still revolving in the lathe. 
The natural result of using a graver in this way is to form a series of 
hollows which are thrown into one by the flat tool, but the graver works 
splendidly in skilful hands, detaching shavings of good size, and being 
under easy control even by one hand alone. The leverage is wholly in 
favour of the turner, so that little force is needed to keep the tool cutting. 

Another very useful tool which has been spoken of is the triangular 
tool. The angles of all equilateral triangles are of 60deg., so that if such 
a bar as a three-square flle is made into a triangular tool as suggested, 
each of its angles will be of that size which is the same as the edges of a 
graver, and specially suited to turning wrought iron or steel. If yon l^uy 
a triangular tool at the shops you will get one like a triangular flle with 
its point ground oS, and the sharp angles hammered down all along 
the shank to the tang, except for an inch or so at the end, which is the 
cutting part. You can grind off the angles of the file, but it is not worth 
while, though only an inch next the point may oome into actual use. A 
little of the point may be taken off, but not much, as it enables you to 
get into awkward comers. A flle thus ground is also used as a scraper 
to finish flat plates to a perfectly level surface ; but this the toy maker 
need not trouble about. The chief use of a triangular tool is to face 
up the end of a bar, and to turn the inside of hollow work. It cuts 
keenly, and either edge can be used at pleasure. The same rule, for 
its position, is to be observed as that laid down for the graver, viz., 
to lay one face nearly flat against the surface it is to cut, merely 
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tiltmg it just enonffh to make the edge bite. Yon will soon see what a 
powerful tool it is, and what delicate or deep cnts can at pleasnre be 
made with it. Like the graver, too, one angle is laid on the rest, on 
whidh it gets a firm hold, and on this angle it is rolled over slightly 
this way or that to make it penetrate deeply or the contrary. In 
metal turning the rest is always pnt very dose to the work to assist 
in steadying the tool. In nsing this tool for inside work one angle is so 
placed as to cnt it a Uttle above the centre line — a very little is taken 
at a time, say one-eighth to one-qnarter of an inch — and then a litt^ 
more, so as gradnaUy to work inwards, clearing onb a succession of 
narrow rings, which are afterwards thrown into one by nsing the whole 
length of the tool. Not, however, all at once, but making good uBe of 
its onrved form, for the several edges are curved in outline, so that yon 
cannot bring a great length into cut at once, but can begin at the point 
or the heel, and, by a slight movement of the handle, make each part of 
the edge cut successively. This, again, is difficult to describe, but, 
taking the tool in hand and using it as stated, my meaning will at once 
become dear. 

Hollowing out is by no means such easy or light work as turning the 
outside of a bar, and is, of course, more fit for slide-rest tools ; but I 
wish the reader to know that these are not by any means absolutely 



If an attempt is made to turn brass with a graver or triangular tool, 
as I saw recommended in a book on model engine making (which also 
gave instructions for soldering with a redhot iron, and for grinding 
?alve faces on the surface plate!), it wiU be found to catch in and 
take a huge bite. This metal needs tools with comparatively blunt edges — 
80deg. or 90deg. angles instead of 60deg. — a flat file, for instance, ground 
ofF quite square on the end, or a square section file similarly treated, 
md, of course, with the teeth ground entirely away, will make a good 
tooL The set consiste of round end tools or routers for roughing down 
work, x>oint tools for turning angular grooves, flat tools for facing and 
finishing. Although the angle of edge necessary is a large one — 80deg. 
or 90deg. — ^yet this must be sharply ground, and the extreme edge not 
rounded off by careless grinding. Such a tool held tilted on the rest on its 
q^posite angle will cut very nicely, and take off suffidently large shavings 
if desired, but it is better to take several light cuts if time is no great 
object. Inside work is done as it is with iron, only the square tod is 
used instead of a triangular one, or an inside tool similar to that used for 
bard wood, with a single bevd underneath, the edge being ground to an 
ingle of 75deg. or 80deg. This tod is hdd quite flat upon the rest, so that 
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its ontting edge lies just above the height of oentres. In all outside work 
on ihetal keep the edge exactly on the level of the line of centres, though 
this is of somewhat less importance with hand tools. 

The T of the rest for metal tnming is often required to be flat on the 
top, and qnite broad, so as to allow the heel of the tool to get a firm 
bearing upon it. This saves also the ordinary T from becoming damaged 
on the edge by indentations, which prevents a tool nsed for wood or the 
screw chasers from sliding evenly along its surface. If such an indented 
rest were used in chasing screws, the process would be sure to fail ; hence 
a T should be kept for metal, and that used for wood ought to be retained 
for that purpose only. If, however, at any time you are obliged to use 
an indented one, take a file and level its edge neatly, erasing all the 
indentations and notches. Finish by dflra/wfiUMig it, t.e., take the file by 
both its ends and draw it a few times up and down, holding it across the 
rest just as you would hold a double-handled shave or draw knife in 
levelling a piece of wood. In screw-chasing especially a perfectly level 
rest is essential, as the slightest check to the traverse of the tool will 
produce a waved or "drunken" thread, or entirely spoil it by running 
one thread into another. 

The operation of drilling in the lathe is very often necessary. Some- 
times the drill is made to revolve, and at other times the work. In either 
case strike a centre punch into the piece at the place where the drill is 
to enter, or mark it otherwise by an indent sufficiently deep to insure the 
exact position of the drill at starting. If the work is running in the lathe 
— held in a chuck — ^bring up a point tool, or the sharp angle of a graver, 
and turn a central hole to guide the drill ; then bring the back centre 
up against the other end of the drill, and, holding it by a vice or clip, so 
as not to let it revolve, gently advancing the point of the back centre, 
you will drill as true as a hair. But if you begin badly, which generally 
results from not being careful enough in making the indent or hollow 
centre, the drill will wobble more and more as it proceeds, and the hole 
will not be true. Probably the drill will be broken, if a small one. 

If the drill is running in the lathe, you have to work differently. In 
some cases, as in drilling a hole through a capstan headed screw for the 
lever, you have to mark it on both sides with an indent, one for the drill 
point, the other for the back centre point ; you then drill a little way on 
one side of the head, and then reverse it and start on the opposite indent^ 
thus you get the exact line set out that the drill is required to take, and 
by drilling partly from one side and partly from the other you make 
sure that the screw head shall be drilled straight through as it ought to be 
in the plane of its axis. When the holes nearly meet you have to be 
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oarefnl to advance the poppit oylinder very slowly, else it may happen 
that the drill suddenly twists through and jambs, breaking short off, or 
becoming, at all events, damaged ; be oarefol also at this crisis to hold the 
work securely, or it will slip from the fingers. Of course yon ought to use 
twist or fluted drills now that they are so easy to obtain and so well made, 
at least the smaller sizes ; large ones are expensiye. 

A drill Ml. or iin. diameter, for example, will cost about 4d., but a fin. 
may run as high as 6s. They are well worth the money, if much metal 
work is to be done, but a self centreing chuck must be procured to hold 
them. For toymaking, including small engines and mechanical toys, 
half-a-dozen small sized ones will suffice at about 3s. or 5s. the set. I 
have introduced drilling here because it is now almost a detail of lathe 
work, special drilling apparatus apart from the lathe being seldom re- 
quired, and when it is, a small Archimedean drill stock will answer for 
most light work, but get a good one of steel with good drills, and not the 
rubbish at 6d. or 8d. sold in the streets. These are made of iron, and so 
are the drills, or if of steel, of the worst quality, and the drills will not 
fit the stock. I have tried them and speak from experience. Moreover, 
cheap Archimedean stocks are never fitted nicely at the head, which, after 
a very little use, will wear slack and wobble about anyhow or nohow, and 
your money will prove to have been wasted. A plain old fashioned bow 
drill is far better than these cheap tools, and you can make it yourself. 

I may mention, by the bye, a very nice useful drilling apparatus at 
Is. 6d. or 2s., by Cohen, of Kirkgate, Leeds, who sells all sorts of watch 
and dock tools, small files and wheels and screws, &c., that are often not 
easy to procure in country places, and a small i>arcel by raU would cost 
but 4d. or 6d. ; you can also get at this place another very useful 
tool, viz., a small tap set in a handle, to tap the holes for small screws, 
such as can now be had by the dozen. All you have to do when ordering- 
Borews of this kind for small engines and models is to order the tap to- 
match them. Only two or three si^es are likely to be required, but you 
may need several of each, and can buy far cheaper than you can make them. 
Then again, you will learn the value of standard sizes, and will keep drills^ 
just suited to drill the holes the right size for tapping. 

All work now-a-days is being made thus when required in quantity, so- 
that the various machines may have their several parts interchangeable, 
and any part lost or broken can be renewed from the manufactory, with a 
certainty of fitting, and without the necessity for sending the machine^ 
itself to the maker. In model making, for example, one engine is not 
made complete before another is begrun, but a dozen or more cylinders 
are bored, and the ends faced to one exact size, then perhaps a dozen or* 

D 
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00 of Qjlindar ooren are tnmed, any one of which will fit any oiher, 
and while the tamer ia doing this, another workman has been getting np 
« lot of bed plates or guides, while a third has been at work npon some one 
part of the boiler, making several pieoes one after the other np to a cer- 
tain point, bnt finif^ing none. An amateur will, of course, proceed differ- 
ently, but he should learn to work to a given scale, and not drill all sizes 
of holes, and then have to fit special screws to them because they are not 
made of the accepted standards recognized by the trade. Tlus, indeed, is 
not exactly a lesson in lathe work, but it is so just in this particular, that 
all turned work should be brought as far as possible under the law of 
standard sizes, or much extra trouble and difficulty will be met with. 
Twist drills, for instance, are made to gauge, rising by eighths, or six- 
teenths, or thurty-secondths, and thus they are arranged, in a great 
measure, to suit standard sizes of bolts or screw taps; If you want to 
make a iin. screw, you must select a drill to bore the nut or hole it 
is to fit one size smaller — say a driU H or iP^ less in diameter than the 
iap, or ^ less if for a larg^ screw, or i for a still larger, according to 
the depth of its thread. All this is provided for in the sets of drills, the 
smallest rising by sixty-fourths, because the threads of small screws are 
«o fine that thurty-secondths would be too great a difference between the 
sizes. Thus, in a mechanic's shop, there should be tapping and drilling 
gauges arranged in order, so as to enable the Work to be done quickly and 
with absolute certainty. One of the great and important advances made 
in workshops is this system of working to gauge, and thus making perhaps 
a thousand machines, any one part of which will fit a similar part of any 
other. It is the same with screw bolts and nuts, of which a certain size 
always has the same pitch of thread, so that if you lose a iin. bolt you 
can take any other of that size, and it will screw into the same hole as if 
apecially made tor it. This system of screw bolts is due to Sir Joseph 
Whitworth, one of the first mechanics of the day. 

The Slide Best for Metal Turning will be found of great service to 
turners in metal. The tool is held (on the work) by a clamp attached 
to a plate sliding smoothly and accurately between guides, which compel 
it to travel always in a right line. In the slide rest, this sliding plate is 
fitted between guides attached to a similar plate moving at right angles 
to it, also between parallel gruides. A tool, therefore, clamped to the top 
plate must needs travel to and fro. in a right line either exactly parallel 
to the lathe bed on which the rest is fixed, or at right angles to it. This 
traverse is effected in both cases by a screw, which gfives a very even 
motion. AH we have to do is to set the tool correctly, start at one end of 
the work, and turning the handle of the long screw, we shall see the tool 
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faftTsDJiig ste>di]j iloi^, detnching t, naat iluviiig, uid ioon redndng tha 
Imw to perfeot tmth. With buM work we hsve to use the orosa slide to 
•dTMioe the tool, and we set it up to eat with the other ; bat tlia opWB- 
tion ia VtM «»me. A, oammaii form of alide rest i« ihowii hen, Fig, 10 1 
but H, Om tenon which 
fiti between the bearera 
or bed of th* lathe, 
•honld be placed nesrei 
to the fartheat and, and 
not in the middle aa 
bwe ahown. The two 
alidea, M N, andX, are, 
howerer, aorieatlr ahown 
with the tool holder, A. 
The plate, or turntable, 
Q, allows the top to be 
iwiraDed round whan 
oonioal work ia desired 
Iiutaad of parallel. The 
tool holder ia now gene- 
laD; of a lighter dea- 
aription than represented in thia fl^ore, which, howsrer, gives a pattern 
naed for heaTj work. It ia not worth while to draw, however, a aeoond 
Mat, as I merety wiah to ahow the general oonatroiition before prooeeding 
with datail« of ita Tarioua naea. 

NoUiing appeara Biiopler — nothing oMier, bot, like all meohaoioal work, 
tUda reat toming needa knowlediro and praotioa. The tool mnat not only 
be well and aootuately grannd, but plaoed with even greater Moaraqr to 
toing its edg« into the best poaition. It may aerape and not out — it m^ 
dig in and apoil the work. It uatj take oae ahaTing off well, and at the 
very next traTsrse roiit the Job. It ia only paHdally that I oan eipli^ 
here the eaaantiala for satiaCaotory work with fixed toola, whioh, onoe 
placed, remember, mnat retain their poaitiou, nnlike hand tools, the 
poaltion of whioh may at any moment be altered and adjnated if not 
working aa they ought to do. Slida reat toola have two or three hoea, 
and generally have two ontting edgea. Even a ronnd-end tool tnay be 
oonaidezed m having an edge each aide of the eentral point, bat theae 
have been eaaed off bo aa to form a aingle onrved anifaoe. 

The oommoneat of the slide rest tools are these round ended ones, and 

pcdnt or diamond tools, like a graver with its bevel appeimoat. But the 

bwt toola to use are little bits of straight eieel bar held in a proper 
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holder, and ground to snit the work. For all amateur work their snpe- 
riorily is beyond question, especially as they can, and ought always to, 
be home made. But whether the BoUd ones or these are used, and 
whatever may be their special forms, we may consider them as haying 
one or two cutting edges, and that these are formed by the meeting of 
the lower face or faces with the upper face, usually termed the upper 
bevel; this is the last ground in forming the edges. Let us take a sample 
tool, a bit broken off a grayer, or the graver itself set on end, bevel 
upwards. Now, here you have only one newly ground face, viz., the top 
bevel, and, many of the tool holders are made to hold just such a tool as 
this almost upright. If so held and fixed in the slide rest and advanced 
to the work end-on, it will cut a groove. 

We must first, however, know how high to place its point, and you may 
at once decide that it must be at the height of centres, i.e., the height of 
the point of the back centre. You can therefore set it up in the holder 
by that centre as a guide, with the certainty of its being correct. You 
will now have two faces — ^the lower ones which meet at the point, each 
forming a certain fixed angle with the work (suppose it a mere cylinder 
or bar of iron). The holder will have been made to bring the tool, as I 
have said, nearly upright, so that each face will be at a small angle to 
the surface of the work. Still you can alter this at the grindstone if you 
please, but we need not at present consider this necessary. If now you 
bring the tool to the right hand end of the bar, advancing it to take a 
light cut, and work it along by the slide rest screw from right to left, it 
ought to cut a tolerably dean shaving, but it will do this much better if 
you do not set the tool precisely *' end-on," but turn it round a little so 
that the right hand edge shall be more parallel to the bar. If, when so 
placed, it does not appear to act well, you must examine it in relation to 
the following particulars : 

1. Is it placed on the line of centres as it ought to be P 

2. Is the edge (or edges) sharpened to suit the metal P 

3. Is the clearance too great or not enough, i.e., does the point or 
either face rub, which is the case with too little clearance, or is the 
clearance too great, causing the action of the tool to be more scrape 
than cut P If either of the latter faults exist, and you are using a cutter 
holder, it is faully if it is intended so to hold the little cutters that they 
shall not need gprinding except on the top. It is more likely that the 
clearance is too great than the contrary ; and, if so, go to the grindstone 
and correct it so as to make the front face more upright, because it is 
evident that the cutter bar holds the little tools at too great an angle, 
not sufficiently upright. For these front planes, like the face of a hand 
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tool, slionld make a very small angle with the work, jnst enough to keep 
them from nibbing. The best cntter bars (tool holders) are made to 
necessitate gprinding three faces, and then yon can give what clearance 
yon please, besides making the cutting edges and all angles such as 
experience may show to be the best. 

The second suggested fault — the angle of edge unsuitable for the metal 
— ^refers to the fact that you want sharper edges for steel and wrought 
iron than for cast metal, and blunter edges for brass and gun metal. Yon 
make sharper edges on a graver, or a tool of the same character, by 
grinding the bevel more slanting, or at a smaller angle with the front 
line ; and an obtuser one is made by grinding it oS at a greater angle, so 
as to make a smaller diamond-shaped face. If the tool is one with 
a round end, a round bar ground oS at an angle, similarly to a graver, 
giving an ellipse-shaped upper bevel, the same faults may exist, and most 
be remedied in the same manner. This is a favourite tool with very many 
mechanics, and will make nice work either on brass or iron if well ground 
and carefully placed. 

Inside tools are subject to the same conditions, except that they may be 
placed a little higher, and often have greater clearance given to them, 
being more liable to rub. Lighter cuts, too, are taken, because boring or 
hollowing out work needs more power than outside turning or traversing. 
Face work is turned from the outside towards the centre, i,e,, it is the 
proper way to do it, but you may use either a round or point tool end-on 
in either direction, and this method is very commonly adopted- to save 
the loss of time in running back the tool without letting it cut. You will 
find wrought metal the easiest to cut, and will obtain from it nice clean 
shavings. Cast metal is crystallized, as you may see by breaking it, and 
hence yon wHl not get continuous shavings, but chips and dust, and it is 
harder and less pleasant to work, except by the file. There is now, how- 
ever, a cast iron which is annealed and softened, and brought to a state 
known as malleable. This works very pleasantly under the file or turning 
tool. 

I must now conclude lathe work, except so much as will have to be 
given in detail when I treat of the construction of special toys of a 
mechanical character. 
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CHAPTER V. 



TOOL GBINDIira. 

Unless tools are well and keenly sharpened satisiCactory work is impos- 
sible. Much of the difference between professional and amateur work 
arises from the blnntness of the tools of the latter. No mortised and 
tenoned joint can be made to fit closely if the work is not cleanly out by a 
sharp chisel ; and planed surfaces, if badly done, are more unsightly than 
if left rough from the saw. 

Various contrivances for holding a tool securely during the operation 
of grinding have been devised, and I may notice the undeniable faot 
that I never saw them in use among workmen. It is indeed a mistake 
to rely upon what are, at best, questionable devices, when, by patient 
practice, we can gain that skill which will not fail us in the time of need. 
A simple toolrest — a mere bar of iron parallel to the face of the stone, may 
be a help in steadying a tool ; but even this is sddom to be seen in the 
oarpenter's shop, its absence proving that it is not a necessity. But there 
are necessaries in tool grinding always to be found among practical me- 
ohanics which are too often wanting among amateurs, and these are 
patience and determination. Grindicg tools is a laborious and disagree- 
able operation, which is sure to be avoided as long as possible, and 
is terribly scamped by amateurs when it can be no longer delayed. If, 
however, it must be done, let it be done thoroughly, or the labour 
bestowed will be entirely thrown away. 

The main object of grinding is to produce a bevel on one side or 
both of a tool blade, in order to reduce the metal to a thin cutting 
edge. This bevel must not be too short, or the angle of edge will not 
be small enough; it should, therefore, be carried well up the blade, so 
as to present a broad surface. In a perfectly new chisel or plane the 
grinding will be found insufOicient, because tools with keen edges cannot 
be kept in stock. They would endanger the hands of the shopmen, and 
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would also get damaged and notched by oontaot with each other. Henoe 
a new tool mnst be ground before nse, and the bevel already formed 
extended. But if yon examine the anrftuse that has been gronnd by the 
workman yon will see how flat and eren it is ; the upper part forms a 
straight line across the blade, and the whole is quite flat, even, and 
true. This is what you have to aim at, and when you commence to be 
your own grinder you will be disgusted to notice how you have spoilt 
the even bevel whioh the tool once had. Instead of one bevel you have 
produced several, lying at all sorts of angles with each other. This arises 
from not holding the tool steadily upon the stone. 

To get an even bevel the stone must itself be absolutely true, and 
not wobble from side to side. You can now buy, at a comparatively low 
price, excellent grindstones turned quite true upon the face, and worked 
by a treadle ; or you can buy, for a few shillings, an unmounted stone, 
and fit it up, or have a frame made by a carpenter. In either case 
have it fitted with a treadle, so as to render yourself independent of 
assistance ; and have a nice fine Bilstone, not a Yorkshire grit, which 
is more fit for coarse work. I do not think you will gain by buying the 
small 5in. or 6in. stones now to be had in metal troughs ; they do for 
chisels and turning tools, but are of no use when an axe or plane iron has 
to be sharpened. A stone 18in. diameter to 2ft. at the most will do all you 
need. Probably the former size will suffice, but one less than 18in. has 
hardly weight enough to make it act as its own fly wheel. Any small 
st(me to be used for plane irons would need a fly wheel on the same 
axis to give it the necessary impetus, and such a fly wheel would be often 
found terribly in the way of the arms and elbows. Moreover, you require 
a tolerably large stone to produce a sufficiently flat bevel, although a 
slightly hollow one is no great disadvantage. Have, therefore, a good 
sized stone nicely mounted as the first essential of good work, and 
having once obtained such use it well. 

Now, to use it well is not to allow one side to lie constantly in 
the water, which will rapidly soften it, and of course cause it to wear 
faster than the other, thus rendering the stone untrue. Hence, although 
you need a water trough to catch the water from the drip-can placed 
above it, there should be a pipe below to carry it off at once into a 
bucket or drain, which will also remove the muddy silt that is so often 
allowed to accrmiulate in the trough until it weU nigh prevents the stone 
turning round. This again is an essential lesson in cleanliness, which 
mnst by no means be neglected in a mechanic's workshop. 

Supposing the grindstone thus mounted to run truly, the next con- 
flidexation is the way to hold the tooL This must be held rigidly in one 
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plaoe, i.e., at the same level, merely being trayersed from side to side 
to prevent it wearing the stone unevenly, eapeoially if the tool be a 
narrow one like a mortice chisel, which, if held quite still, will oat a 
channel, and spoil the face of the stone. Now, if yon grind with the 
stone running away from the edge of the tool, and do not hold it firmly 
in position, the former will seem to lay hold of it and drag it away to 
a higher position. This is what you have to resist, and the best way to 
do so is to hold the elbows firmly against the sides, which affords a very 
secure grip indeed. This is not the orthodox way to run the stone, 
which should always turn towards the edge of the tool, although it would 
naturally appear the wrong way to use it. But to turn the other way is 
to produce a wire edge, which is difficult to remove, and no workman 
would grind thus, unless it were a narrow tool, liable to groove the 
stone. 

The tendency of the stone, therefore, will generally be to drag down 
the tool, the danger being that if you let it do so it will dig in and 
out out a notch, tumble into the trough, and give you a praotioal 
illustration of the art of knuckle grinding. But it is easier to resist 
this tendency to drag the tool towards you, and you will soon learn to 
hold it steadily and level (for here is another difficulty). If not held 
level and square across the stone, the bevel will be broader at one part 
than the other, and the edge of the tool will slant, so that (if a plane 
iron) it cannot be placed true with the sole of the tool. If only for a 
moment you let the tool have its own way, you will find that a fresh 
surface has been gfround out of the general plane. Thus it is evident 
that to grind a tool well needs practice, and a pair of good strong 
arms, and the art cannot be learnt in a day. Being moreover a tiresome 
job, one naturally feels disposed to shirk it, which means grinding a 
smaller bevel, and, of course, obtaining a blunter edge. 

In addition to the fault of unevenness of bevel, a very common one is 
a rounded surface instead of a flat or hollow one. This results gene- 
rally from paying more attention to the edge than to the entire bevel. 
Let the extreme edge take care of itself, and concentrate the attention 
upon the fiat surface of the bevel, especially the middle of it, and grind 
till you observe that the edge has actually come down upon the f aoe of 
the stone, proving the work done. All success depends upon the rigid 
hold upon the tool keeping it steadily at one level. The pressure need 
not be excessive, and, although it may take longer, the labour involved 
will be less if only a moderate pressure is kept up. Sway the body from 
side to side (not the arms alone) in order to traverse the tool across 
the faoe of the stone, and a little careful practice will insure snooess. 
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After awhile it will be found easy to grind with the arms more free ; 
but I have found, praotioally, the way I have described the sorest and 
safest for beginners. 

To test the correctness of the edge, try it with a square, especially 
if it be a plane iron, and if it be gfronnd slantmg instead of sqoare to 
the sides, yon mnst set to work again. Knowing this penalty to be in 
prospect for careless work, yon will be wise to test the tool once or twice 
as you proceed. 

Assuming that the grinding is satisfactory, you now have to set the 
edge on an oilstone to make it smooth and keen. In this operation, 
which looks a deal easier than it is, the danger of ronnding the beyel 
steps in. What yon have to aim at is to prodnce a new narrow, but 
decided, bevel at a slightly greater angle than that obtained by grinding, 
and yon mnst not round it off into the other. If yon are a noyice 
yonr snccess is highly problematical. I mnst pre-snpppse a good 
oilstone, Arkansas or Washita, the first being the best, level and 
dean, and with a few drops of clean oil or parafi&n npon it. Set it on 
the bench with one end towards yon, or nearly so, as the movement of 
the tool will be to and fro from end to end of the stone. Grip the iron 
firmly in the left hand, and place the other hand over it, grasping it, 
but with the first three fingers pointing downwards towards the edge 
of the tool — a position that gives a good steady hold — and laying the 
iron npon the stone at a rather larger angle than that of the bevel, mb 
it steadily a few times to and fro. By " larger angle *' I mean a little 
more upright than lying flat upon the bevel. In pushing the iron from 
you, it is necessary to raise it to a slightly more upright position, and to 
depress it as you draw it back again, because the natural movement 
of the arms, unless thus counteracted, would lower the iron as it recedes, 
and thus tend to round off the bevel — the error already alluded to. The 
movement will become quite easy and natural by and by, when once you 
know what you have to do, but it takes practice to move the arms thus 
horizontally, and their natural tendency is to move in an arc of a circle, 
of which the shoulder joints form, of course, the centre. A rounded 
bevel will cut, but it is not to be compared with a flat one, and is, 
besides, very unworkmanlike. 

I shall not enter into a question here as to the proper sizes of tool 
angles. Let it sufOice for the present to remark that for deal and other 
8oft and fibrous wood the tools cannot be too keen, and that, there- 
fore, the bevel must be large, i.e., the tool must be grround some 
distance up the blade, while for hard wood it need not be quite so far 
ground, but must be kept sharp even at a larger angle. 
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Before pnttang ihe newly-groond iron in the iilane, lay it quite 
flat npon its iMudc on the oilstone, and pass it onoe or twioe up and 
down to remove any dight burr thrown np by the stone. The top or 
break iron is placed low down or the contrary, aooordinflr to whether the 
plane is to be need for rough or fine work. In a jack plane it is placed 
aboat iin. from the edge, but in a trying plane or smoothing plane it 
most leave only a very narrow bit of the catting iron expoaed. The 
object of this break iron, as it is called, is to bend np the shavings 
sharply, so as to insore their being out off and not spUt from the snrface 
of the board. Pat the irons thns damped together into the stock with 
the bevel of the catting edge below, and placing the wedge in position, 
tap it in lightly. Then torn the plane apside down, and take a 
glance along the sole (the eye at the front or forward edge), and yon will 
see the black line of the iron, a mere line if the plane is set finely. If 
it projects too far, a tap with the mallet on the top or back of the stock 
wHl canse it to withdraw if yon have only wedged it lightly. If the iron 
does not project at all, yoa may give it a tap to send it forward, or a 
Mow or two on the &ont end of the plane. When jnst visible and tme to 
the level of the sole, another tap on the wedge will secure it — ^bnt never 
drive the wedge too tight, or yon will split oat the sides and spoil the 
plane. 

The method of grinding other tools, as chisels, is so precisely similar, 
as well as the mode of setting them on the oilstone, that I need not 
extend this chapter to treat of them separately. Practice is all that is 
required to make anyone a good tool sharpener. 
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CHAPTER VI. 



SMALL CABTS AND HOBSES. 

Hating given a deaoription of the necessary tools and appliancea oalled 
into senrioe in toymaking, I will oondude that the amatenr has provided 
himself with the thiiigrs mentioned, and is now ready for action. I shall 
therefore commence by describing the mannfactnre of small carta and 
horses, these being the most simple of the toys to make. 

Now, to nse a common form of speech, " there are carts and carta," 
even among toys. The penny cart is an apparently simple affair, 
consisting of a body with shafts out ont of the bottom board, and a 
pair of wheels, either on a wire axle or on a square axle of wood, about 
the siae of a match. No nails appear anywhere, nothing but glue, 
sparingly used, yet these hold together marvellously, and, by the aid of a 
daub of paint, to hide defects of workmanship, are rendered satisfactory 
to the owner. These come chiefly from Germany, and yield a good 
profit, even at the low price at which they are sold. In our case, we 
may want to make a few — ^perhaps only one or two. But where made 
hy the hundred the pieces composing them are cut out all alike in large 
numbers by small saws worked by steam, and the actual maker does 
nothing but glue up one after another, leaving to another workman the 
wheel department, and to another the painting. 

For home manufacture, too, it is as well to follow the trade in pre« 
paring all parts before attempting to put any together. The bottom, of 
orthodox form, may be made first of a board, iin. to iin. thick, according 
to the intended size of the concern — |in. is thick enough if the cart to 
the end of the shafts is not to be above 6in. long. If of deal, the shafta 
are pretty sure to split off before long, and therefore it were better to use 
Hme, willow, or poplar. But it is of no great importance neverthelesa, 
toys being made to break, and deal must answer if other woods are 
aoarce (for willow an old cricket bat will out up into a lot of small 
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boards). We may as well at once define the size of onr oart, wbioli for 
amall wheels, pnnohed ont, we most make of very small dimensions ; 
we oan make larger and better afterwards. The size of snoh an affair, 
costing one penny, is as follows : Extreme length 5in., width 2in., the 
shafts taking np Sin. of that length, thereby reducing the body to a 
sqnare. Bnt as the back and sides are glned npon this board, and the 
latter has a margin of abont iin. along each side, this gives the actual 
oart a little extra length in proportion, so that it is slightly oblong. The 
diameter of the wheels is just lin. These can be cut out with a large 
gun punch, but care must be taken that the wood used is thoroughly 
wet to give good results, and it should not be deal or wood with 
open grain, but willow, alder, sycamore, or other soft close grained 
stuff not liable to split. This being cut into thin pieces — iin. thick is 
a good standard, or even iin. — should be well soaked and out at onoe 
while the water is in it. The pieces should then be placed one on the 
other, and screwed up in a vice to dry ; they will thus remain quite flat. 
Small boards split, soaked, and thus pressed, will turn out almost as flat 
and smooth as if planed. 

Circular pieces of larger size must be cut out by means of a fret 
saw, the circle being first marked by compasses, but if a fret saw is 
not come-atable wheels of any size oan be cut out by putting a brad- 
awl through a lath, and at such a distance as will cause a circle to be 
described of the right size, fix a penknife blade upright in a slit made 
with a small chisel across the lath (i.e., across the grain), so that the blade 
will cut when the lath is moyed round the bradawl as a centre. The 
bradawl is then stuck upright in the thin board, and a circle described by 
moving the other end carrying the knife blade. After going round oare- 
fully in this way a few times the board must be turned upside down, the 
awl placed in the same hole, and the work completed. Bings, as well 
as solid pieces, oan thus be made, but require great care to prevent split- 
ting the stuff. If these are to be used as wheel rims, two of such 
should be glued together, with the errain of one running contrary to that of 
the other. The bottom board is iin. thick, but the sides are barely ^Mn, 

To reduce boards to such thin scantling you will find it necessary to 
have a bench with perfectly level surface ; or, what will be quite as well, a 
well planed board of about l^in. thick to lie upon it and rest against the 
bench stop, such board having its own special stop against which to 
set. the end of that under operation. If the bench on which you try to 
plane is itself uneven, good work is impossible, as the stuff used will 
oscillate and shift about under the plane. The vice, too, should be well 
made so as to shut up closely, and two screws will be far better than one. 
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It often happemi thkt the booida used in jojmAng, irhioli have to be 
planed on the edges, aie reij thin, leaderiag it diffltmlt to ooutriTe kny 
wtUbotoiy plan for oUmpingr or holdinfr them on edge upon Hie work- 
iMUCih. It the bench Ties, indeed, be zoaUj well nude, witii the innde 
boe aooniately fitted to the troai phuk, anjr pieow, thin oi thick, oan 
be held thna ; hut this is by oo meana the general tnle, eapeoiAllr with 
oottnizy made ones. In Qiia oaae 
the better plan will often be to aet 
the tcyiiv plane (oi other plane) 
npoD the benoh bottom npiraids, 
and to draw the thin adgea along it, 
lereTsing the naoal ptooeu. With 
Mubh email pieoea m can be eemlj 
held in the hand, tliere ia no diffl- 
eal^ in this, espeeially it a jack 
or tiTing plane ia naed, nieely 
■harpened and tneir aet. All tlie 
boarde of onr amall cart oan be 
•dged in thia way. For this tc^ 
ther alao require to be bereUed 
lUgUly, ao aa to alope outwards 
and reat tmly npon tJie bottom 
board, aa the back of the oart ia ao 
ahqied aa to require this. 

I may state that in the aheiqMT 
«la«i of toy all poaaible work is 
■ved, and paint laid on tiiiokly 
hidea Bimdcy and divers imperteo. 
UoDM. In many anoh no bercJ is 
nade, bnt by dint of glne, small 
hrada, and paint, the parte are held 
together, and the laek of proper 
BtOnt ia dnly oMioealed. Bnt In 
p^)ers like the present we shall 
ghe the proper mode of work and 
allow no aoampinjt, as we thns get 
food leaaona in carpentry. Ont ont, 
then. Drat the lower board and shaft 
dimensiona given, bnt may make it of any siie, only a larger oait will 
need to be pnt together witli brads, or brada and glne in eombination, 
irtureas, a small (me of ffin. from end to and will hold well enon^ with 
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glue alone. The smaller sized one yon may, moreoyer, out with a knife 
if yoa. have not a fret saw, bnt the larger will need a key hole saw or 
fret saw to shape the bottom and shafts. Haying out out this (planed 
always before being shaped), make the back (Fig. 12, p. 45), nsing« if 
possible, thicker wood than that from which the sides are cut, so as to 
allow the latter to be more firmly glued or attached to it by nails. A 
couple of brads from below will also secure the bottom and assist the 
glue. The bottom of this back piece, which should lean outwards, must 
be bevelled, and the ends sawn off at an angle. It should stand a Uttle 
higher than the sides which are to be nailed or glued to it. The slope 
therefore, of the ends will determine that of the sides. 

The way to use the bevel is simple enough. For instance, in cutting 
out the back of the cart, both ends of which must slope at the same angle, 
set the blade at that angle, lay the handle so as to rest against the edge 
of the board, and draw a pencil line along by the edge of the blade as a 
ruler. Turn the tool over, so as to bring the blade near the opposite end 
of the board, and repeat the operation ; cut at these lines, taking care to 
cut the wood squarely. You may absolutely insure this by carrying the 
lines drawn to the opposite side, using a square to draw the line across the 
two edges of the piece — i.e., from the ends of the sloping lines. Then 
you have only to draw a line on the other side of the board from the two 
points thus obtained, and you have gr^ides for the saw on both sides of the 
piece which, if the saw is used carefully, must insure a correct cut. 

Now set up the back, cut so as to stand at the desired slope outwards, 
and note how much it needs to be bevelled off at the bottom in order to 
rest fair upon the bottom board. Plane to this angle, and it will serve 
as a guide to the sides. It may, in fact, be now glued and set up, two 
small brads (or sprigs) being driven through the bottom board into it to 
secure it permanently. The sides are to be first cut in one piece, planed 
up, and then sawn in half across the middle. Take one of these pieces 
and hold it in place against the back already fixed, taking great care 
that it is placed square. To secure this, mark on the bottom board 
lines drawn by a square, or by the edge of a square card, as guides 
for the edge of these side pieces. Mark these by the back board when 
so held in place, which of course will give the slope at which fchey are to 
be sawn across ; do not, however, saw at this Une, but a little beyond it 
at the same angle, because these lines will serve as a guide for replacing 
the sides when glued, and in addition to this they are to extend a little 
beyond the back, say ^Mn., which projecting bit is then often slightly 
ornamented by a few scallops cut with a gouge. The length being also 
similarly marked, the little boards may be cut off both to the same length 
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and angle, and shaped to suit the taste. When held in place against the 
biMsk, the degree of bevel required at the lower edge is to be noted, and a 
touch or two of the plane given. This will complete the shaping process, 
and the parts may be glned and left to dry. 

The axle (Fig. 15, p. 45) is a squared piece of wood, attached underneath 
the oart bottom by glne, and further secured by brads driyen in the two 
piaoeB marked. The wheels, plain discs in this case (Fig. 16, p. 45), 
run upon two common wood screws, as shown in Fig. 15, p. 45. The 
axle must dear the sides weU. It is dotted across the cart in Fig. 
11, p, 45, to show this. Fig. 17, p. 45, illustrates the mode of cutting 
out circular pieces with a knife, already alluded to ; A is an awl passed 
through the lath B, which turns about it as a centre ; is the pen blade, 
also stuck through the lath ; and E, E a trace of the circle it is supposed 
to be cutting. The cart is not represented put together, as this is quite 
unnecessary; all the different parts are supposed to be lying flat on 
the bench ready to be glued up. 

Berels of different angles, instead of being exactly alike — ^the bottom 
out of square — one side attached nearer the edge than the other— «nd 
any similarly crooked and inaccurate fitting, are the faults most commonly 
seen, producing dissatisfaction with the work, which more care will always 
enable the young carpenter to avoid. Paint is always allowable, but will 
not oonoeal defects of the kind named, and all parts should be made true 
and even, and of smooth surface before paint is applied. For the latter 
bright oolours are best — say, a nice bright green picked out with red. The 
wheelB green, and red stripes painted on as representing spokes, but the 
green must first be quite dry. 

No doubt a cart without a horse is but half a toy, yet it appears to 
me that the wooden animal has not many points worthy of notice. In 
some respects at any rate his form is of a stereotyped character, unless we 
tske, as a specimen of the better breed, the horse whose body and legs have 
more pretence to an imitation of the genuine animal. The body of the 
usual toy horse is, of course, lathe work, the legs ditto, or merely split or 
sawn stuff, according to the maker's fancy. The body bears just thus 
nmoh resemblance to a horse's that it rises at the withers and is sup- 
ported by four legrs ; but no child, I suppose, looks a gift horse in the 
mouth or elsewhere, in order to criticise it. Turn, then, a body of any 
desired size and shape, not deviating too much from the orthodox form, 
and plane this below to a flat surface, in which fix the legs, and so &r, 
at any rate, your work will be satisfactorily done. As to material it is 
probable that a coat of paint will conceal it, but lime or willow will be 
best, as it will not so readily split, and for the head especially deal is 
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almost nselesB, and beeoh, ash, or any wood of that kind out and planed 
to iin. or iin., aooording to the proposed sisse of the animal, should be 
snbstitnted, or the horse will soon be minus its nose or head. This part, 
head and neok, should be cnt ont with a tnm saw or fret saw to lines 
previoosly drawn, bnt it oan be managed with a tenon or hand saw by 
ontting out a triangpdar piece so as to leave the head and neok clear, and 
finishing with chisel, spokeshave, and rasp. A tnm saw or fret saw ia, 
howeyer, so far the better tool, and is so serviceable for other work that it 
onght to be procured, and the former is very inexpensive. The neok 
squared off neatly below, where it is tt> join the body, is, or ought to be, 
let into a groove or channel sawn and chiselled out to fit it tightly. Into 
this it must be glued, which will secure it without nails if the fitting is 
as it should be. 

Some toy horses of more life-like form than those to which I have 
alluded, cannot be made by the amateur. I refer to those constructed of 
a wooden foundation, with plaster of Paris, or some such composition laid 
on and formed in a mould. Such are the horses sold in wooden stables, 
which are very neatly made, but easily broken, and are not fit for hqme 
oonstruetion. Similarly there are well moulded horses of papier maoh^, 
or paper pounded in water to a pulp, and then moulded, dried, and 
coloured. But in the Swiss valleys horses are often made of some kind of 
beautiful white pine, carved into shape with simple tools and left totally 
unpainted. 

To try and carve in this way is a bit of toymaking far better worth 
the labour than merely to reproduce the kind of shapeless horse found at 
our toy shops. The main outline must be sawn out with a small turn 
saw, and the body then finished by carving tools, or sharp knife. In 
willow this is not very difficult, even if the legs and body are made of 
one piece, but very often this is not the case, in order to get the grain 
to run lengrthwise down the legs. These must then be roughly shaped, 
with a short peg or tenon left for insertion into the body, and after 
being glued in they must be finished with the other parts, and by good 
fitting and a little management in carving it will be scarcely possible 
to see the line of junction. At all events, the more correctly shaped 
horse, even if it has to be painted, should be attempted by anyone who 
is fairly au fait at using tools, although, as a toy for very young 
children, who wiU probably break it very speedily, the old-fashioned 
turned body and stereotyped form will suffice. One of these horses will 
take about half an hour to make — a carved one two hours or more. 
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CHAPTER VII. 



WHEELS FOB LABGE CABTS, fto. 

Iir the oonstmotion of large wheels it is, as before stated, almost impos- 
siUe to get on without a lathe. I was not, however, able in Chapter IV. 
to oany the reader through more than a course of simple turning suf- 
iident for toymaking. Should the reader wish for still fuller parti- 
eolara, I must refer him to that little volume, "Turning for Amateurs," 
idiioh gives every detail of such work, and initiates into the mysteries of 
ohuoks and tools, rests and slide rests, and the actual operations of the 
turner. 

Mount upon a taper screw chuck a piece of board, either square or 
roughly rounded by sawing off the comers, and turn it true on the 
edge with a gouge. Both sides should first be planed, and the thick. 
nesB may be iin., ^in., or fin., according to the proposed size and nature 
of the wheel to be made, for there are two or three modes of work different 
to that of the cheap toy cart wheels, and very much better in every way. 
The fin. stuff will make strong wheels, fit for a good-sized cart or 
twzzow. 

Having made the stuff true on the edge, bring the rest in front of it, 
and present a sharp parting tool to the face of the work; with this detach 
a zing of sufficient breadth to form the felloe or outside hoop of the 
desired wheel. We will suppose it 4in. or 5in. in diameter; detach 
a second ring, and leave the rest to serve as a solid wheel for some 
smaller oart. You have now to bore this to receive the spokes. Divide 
it into the requisite number of parts, six or eight, or thereabout, 
iddch you can do very easily by cutting a strip of paper that will just 
go round it and meet, and, doubling the paper the requisite number of 
tunes, measure off and mark with a pencil the place and direction of 
these holes, which must be bored radially, or towards what was the 
centre before it was cut out. Ton will get this right if you lay the* 

s 
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ring on its nde, «.«., flat down on the table, and rule across firom 
one division to that exactly opposite ; this will give the proper position 
of each hole. Now to bore the holes, which shonld be abont the size of a 
quill or small pencil, great care will have to be exercised, but the best 
way by a very long degfree will be to drill them, and there is no appliance 
more necessary in a lathe, small or large, than a drill chnok and set of 
twist drills or finted drills, or at least plain drills, snch as any smith 
can make. Anyhow, have some drills sooner or later, bnt if not in stock, 
never mind, we can get on without them with a brace and small nose bit 
or qnill bit, or even with gimlets, bnt these are ticklish customers, much 
given to splitting deal, and the only way is to use first a small one and 
then foUqw by larger ones, but a quill bit, which is like a small gouge, is 
always a safe tool for this sort of work. 

It is easy to make a square hole chuck of a bit of boxwood to take any 
one of the ordinary set of carpenter's brace bits, or the twist drill with 
square shanks made for brace or for the lathe. Drilling in the lathe is 
sure work if you start well ; suppose you have marked the wheel rim for 
six, eight, or any even number of spokes, the drill point is to be placed 
on one mark and the point of the back poppit on the opposite one. Then, 
advancing the back centre by its screw, you cause the drill to penetrate, 
and in a second the hole is made. Then reverse the wheel and put the 
back centre point in the hole already made, and drill No. 2 and so on aU 
round. We need not at present dish the wheels, i.e., make the set of 
spokes slant outwards, but we can attend to it by and by. It will now 
be necessary to make the nave or central part into which the other end 
of the spokes are to be fitted, and which runs upon the axle, or is 
attached to it. 

Bailway trucks are fitted in the latter way, carts and waggons in the 
former. It is best to turn at least two of them at once, or to turn up a 
cylinder of wood — beech or ash by preference — and to divide it with a 
parting tool into several, first notching the piece right and left with 
the chisel ; when cut at the place of these notches the pieces will then be 
shaped up, or bevelled each way sufficiently ; or, for better appearance, 
they can be neatly rounded off at each end. After these are all cut off, 
bore for the axle and driU for spokes, using the same drill with which 
the rim was bored, and working in the same way. The spokes need not 
be turned, but, of course, ma/y be. so made, and will look all the better 
if they are tapered each way so as to be a little larger in the middle than 
At the ends. 

Now, there are two or three ways of getting the spokes into place. 
One is to glue them into the nave, and then saw the rim with a very fine 
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saw into two or three pieces, making the onts radial, as the holes were 
made, i.e., tending to the centre. If cut into three with a fine saw, like 
a £ret saw^ yon can pnt the parts together, inserting the spokes as yon do 
so« and giying a touch of glne to each joint, and here and there to the 
spokes (yon need not glne them all), and yon will not be able to detect 
the faab that the wheel is not tmly ronnd, so very slight will the deyia- 
tion be. Of conrse, care mnsb be taken to keep the naye central, but 
this is easy if yon mark a spoke here and there (three will do) and 
msert them at the mark so made. If three are right the others will be 
so, nnless yon mark three that are dose together. The ends of the 
spokes shonld fit their holes well, bnt just so that they can be adjusted 
easily. This is one, and, perhaps, the best mode of finishing a wheel. 

Another, which does not necessitate dividing the ring into sections, is 
to ont the spokes just long enough to go within the rim when in place in 
the nave, and then to affix the rim by a brad into each spoke. In this 
case, instead of drilling the rim with holes to admit one end of the 
spoke, mark and bore with an awl only, and with a smaller awl inserted 
in each hole bore also into each spoke, which should be left large enough 
to receive a small brad without danger of splitting. A large number of 
toy wheels are thus put together, but these have only thin bent stuff for 
the rim or felloe, instead of turned rims. This plan is less trouble, and 
can be more quickly carried out, especially if, as often happens, only 
three or four spokes ont of six or eight are nailed. 

A third plan is to drill for spokes and place them in order in the nave, 
but loosely, so that they hang down somewhat when the nave is held 
up. Then, placing them inside the rim, and guiding each spoke to 
its destination, they will enter theb respective holes, when, by press- 
ing down the nave, the spokes, needing more room than they did in 
their first position, are forced outwards. 

I have illustrated most of these details, in Fig. 18, p. 52, to render the 
yarious methods easy to understand, and will now pass on to wheels of 
a different kind, also illustrated, as solid wheels. Some of these may be 
made highly ornamental, and even when plain they are very capital wheels 
for toys, especially suitable for engines and railway trucks. Each con- 
Bista of five pieces made and glued up as follows : The felloe or rim is 
turned as in the previous case, but the stuff used need not be so thick. 
It may vary from iin. to iin., according to size. Cut out two rings, 
as before, of precisely the same size, taking care to out them squarely 
with a sharp tool that the outside may be neat and smooth. Firsts 
therefore, cut off the superfiuous stuff, leaving a round disc, and then 
with a sharp goug^ finish its edge neatly, but square, not rounded 
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oi moulded. Then oot agi^ with tlie parting tool, lo is to laaTt a 
ring about half an Inch wld«. Cat the Moond eiaotlj like it, and att 
Mida the pair. "Sow tun a diio of mnoh thinner wood, ttiiii DMhogaaj 
or hard wood by praferenoe, snoh bb ib sold for fret ww work. Thli diM 
mnat be exactly the nie of ths rings (ontaida moamrt) and nmrt bt 
bor«d oentmlly tor an axle. Th« ringa are to be fined one on eacb lida 
of thli dUo, which ii to stand in plaoa of tpaket, ao aa to form togaUMi 
a aolid tmok wheel with a projecting rim. The nave, turned aa before, 
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ta to be marked in the lathe and aawn aoro 
whloh ia to be glned oantrally on eaoh aide o 
together thna forming the entire nare. , 

If neatly made and poliahed, I know ol no wheel that looka neater 
tiian thii, bat it ahoold hafe a tin band or tyre to hiOa the edge and 
oouoeal the aeoret of ita formation. To vary ita appearanoe and render 
It more ornamental, the mahogany diaa oan be pieroed with a fret aaw, or 
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even with a oentrebit, but in luiiig the latter, whioh must be well 
shaxpened, the hole must be bored half from eaoh side, the wood being 
tnmed oyer as soon as ever the point of the tool is seen to have pene- 
trated. If this is not done, one side of the hole will haye a rough and 
jagged edge. Even with this precaution the hole will require finishing 
with a half round file and glass paper to render it quite smooth. Of 
course, the fret saw is a superior tool to the oentrebit, enabling any 
shaped pieces to be out out, instead of a merely circular one. Here again 
the illustrations given will assist the reader in this work. 

A more common, though not by any means the best, method of wheel- 
making, is to turn a naye, insert spokes of equal length, and then form 
a rim out of a bit of thin wood bent round, secured to the end of the 
spokes by small brads and joined with a half lap or spHce, generally of a 
yery rough description. This makes a decent wheel, if the hoop is not 
too thin and the splice is nicely fitted, but that is all I can say in its 
fibyour. The wood used should be willow or ash, and this, too, must be 
steamed or steeped in hot water to allow it to be bent without danger. 
It is not yeiy easy to plane a yeiy thin bit of stuff, using the bench stop, 
as the material will, in all likelihood, double up and break. The best 
way is to put a brad or bradawl through the right-hand end, pinning it 
to the bench, and not using the stop at all ; the act of planing then tends 
only to stretch the piece, and cannot bend it, and it can be made as thin 
as one may desire. It should not only be wet or soaked in order to bend 
it, but nailed on the spokes in this condition, and when dry it will haye 
no tendency to spring open. Moreoyer, there is less chance of the wood 
splitting when the brads are inserted. Neyertheless, an awl should be 
used, and I prefer what is known as a birdcage maker's awl, which 
is three sided, and yeiy suitable for all work of this kind. A small 
one, neyertheless, of the ordinary kind will answer, but the chisel- 
like end must always first be placed to out across the grain. It will 
then make its way without danger of splitting the wood. These wheels 
should be banded with a strip of tin, painted black to imitate an iron 
^yre. 

Wire has become yery common for wheel spokes from the bicycle to the 
toy oart. For the latter it has this conyenience, that it needs no prepara- 
tion except straightening, and it wiU at once pass into a hole made by a 
bradawl, precluding the necessity for fitting. It is also used not only for 
spokes, 4iut for axles, because of the ease with which it can be thus 
applied. To fix it in the boss or naye of the wheel, so that it shall turn 
with it, it is merely fiattened by a blow or two of a hammer, and then 
inserted in the hole made for it, whioh must only allow it to enter tightly. 
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When it is driven in thns the naye will be quite seonre, and the wire axle 
can ran either in two little wire eyes or staples driven into the wood 
underneath, or put through holes in wooden blocks glued on to receiye it. 
This is a very simple and easy method of making and attaching wheels of 
toy carts ; but it is not quite the best quality of work, and ought not to 
be used except for the more common class of toys. 
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CHAPTER VIII. 



LABGE CABTS AND WAGGONS. 

To make a cart which shall be a dose imitation of the real things — 
strong, well fitted, and of good appearance — ^we mnst haye wood of g^ood 
qnality, not less than fin. thick when planed, and we shall want, not deal 
only, bnt a small quantity of oak, mahogany, or similar wood, harder 
and darker than deal, to giye greater finish and make a handsomer cart* 
The body will consist of three boards permanently attached to each 
other, the tail board or back being a separate piece to take off and on 
at pleasure. Of dimensions I need still say nothing, because it is a 
matter of no real importance. 

The first consideration is the main body of the cari, which is to be of 
deal, nicely planed and kept as clean as possible. This had better be put 
together with brads, taking care to keep it true and even. The bottom of 
the cart is to be oblong, rather longer than it is wide, but with square 
comers. A (Fig. 19, p. 56) represents this, the shaded parts being the 
side and front boards ; B, again, is the bottom ; C, the front, put on to 
splay outwards, as the sides are also to do. Thus far there is nothing 
peculiar in the mode of construction, which is like the cart first described, 
except that the shafts are not now part of the bottom board. They may, 
nevertheless, be so if preferred, and will be, of course, easier to make. I 
shall, however, in this case treat them as separate. 

After the body of the cart has been nailed up, some strips of mahogany 
or oak are to be planed up to a width of ^in. or so, according to the size 
of the cart, and glued on the outside at the places marked 1, 2, 3, 4, 5, 
. being neatly fitted where they meet in the angles. These are meant to 
imitate the main frame of a real cart, to which the boards are nailed. 
They look as well as if really framed together, and give an appearance of 
reality to the toy. Mahogany will look the best, but oak is a nice 
wood for the purpose, and when varnished will be quite satisfactory. 
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Plane np all the itripa oaiefolly to the lams width and thiokneBs. The 
bMt waf ia to plane a itrip long enongh foi all the frame on one aide and 
then to out it np in lengtha. 

Before being flaally g^ned on, each little bit eihonld be bereUed or 
hollowed ont to a ehamfOT, as atD, noq^t where It }oina the pieoe next to 
it. TheH ohamfera ahoold be neat and finithed np ahaiplf with the 
penknife, uded bj a file. Sand paper ahonld be aparinglr need, becaoM it 
takes off the sbarpneaa of the edgsa, thereby, to a frreat extent, spoiling 
the appeatanoe. If the cart ia like E the ban there ahown will 
■nffloe. Bnt if the Bidea an deeper and the oart of a aqnarer form. 
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like a miUer'a oart, the framing (D) will look better, by whtoh tiie 
■idea will aeem to be dirided into aereral panels. The whole bean^ 
will, bowevet, be spoilt it the aqnare parte are nob qnite dosely fitted, aa 
the deoeption will be at onoe apparent. 

We now oome to the ahafta. Between a and b theae are planed np 
qnite aqnare, and are theaoe to be lonnded off and hallowed ont to 
imitate thoaa of a real cart. Aa these ahoold be ahaped ont to a aome- 
what onrred form, they reqnire to be ont, ae ahown at F, ont of a pieoe of 
board wide enough to allow of thia onrre — anoh a pieoe aa ia aketohed. 
To get both ezaotly alike, ont ont a pattern in oaid, and work eaoh thaft 
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•notir to fit it. EtMh is then to be glnsd to the bottom of the out, h 
at E, and EtiB fnrthBi HMHted by a bnd or tvo diiYen into th6 shafta 
through the bottom board, or bf two imall aorewa in eaoh. Bnt, before 
doing this, notoh eaoh shaft, as at Q, to let in neatly a orogg bar at th« 
part b of 'Fig. E, from one shaft to the other. This maet be finally fitted 
after Q19 ahafte are attached. Seonre by sloe or by a brad. The 
eroBBhar la to be the same rise a« the iqnored part of the shafts. Upon 
and above this will b« glued a fiat board tor a toot board. The squared 
bw for the axle (of oak or mahogany) is the next part to make. It is to 
be glned nndet the shafts and body of the Dart, as seen in Fig. 19, a 
hole being bored in eaoh end to reoeiTO the turned maehroom-shaped 
pieee E, there shown in section fitted into the main axle. This is pnt 
tbrongh the wheel nara and glued in, whioh is the best way to mount the 
wbeele of a tt^ oart of the kind. Take care that H is long enough to 
clear the splayed out sides of the cart, so as to prevent the wheels 



the oart, 
indepen' 



We have not added the flat board or rail ronnd tiie edge of 
nor hare we made what I think are known as hureit- 
dmt frames whioh oan be put on to extend the carrying powers 
■ihen hay or oom is to be carried, and which oan be removed at 
We will begin 
with the ordi- 
nary edge- 
boards. These 
■re supported 
ina real cart 
npon iron 



tarrelstolhe ^ 
sideboards or 

snd also fre- 
quently to the 
front as well, 
to form a seat 
tot the driver 
sod for other 
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this, aa shown in Fig. 20, gfire opportunities for metal fittjngs o 
wiie and tan painted blaok. A, shows a bracket of twisted wire « 
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tin. Yon Mn flatten the wire and twiat it whan hot, leaying b fl»t Ut 
at wwh end bi ths taoh to attach it hj, or still better, for a Ilttb 
wire bolt and nnt. To naie the tail 
board yon want two nprjglit pieoea drivai 
into the enda of the wood tanoijig the 
ahafta, leen *t D, Fig. 21, the taO boatd 
bung ont ont like E, and drapping in 
behind tbeae bita of wire. 

Anothet way to nake theee npiight 
anpporta ia to b«Dd the wire like F, or 
c, pointing it at a to go into the 
wood, and flattening it at c to drill it for a small wire nail. At e, c of 
tha tail boaid are two wire pina to go into wire ataplea of direetly into 
the bottom board. If a high tail board ia piefened, it maj be put on 
with wire hingm, to tall down, and oan be fastened np whm deaired I7 
amall hooka. By nsing atont wire and heating it, jon can Ibttem and 
twlat and bend or shape it aa yon like, and imitate ilia leal iron work 
wiUiont difBimlV. 
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Harreat-TaTea or framea ai 
Fig. S2, the Bide pieoes (A, : 
OQived, and flttdng into strong ataplea in 
the aides and front board of the oart. 
Id the toy oart the beet way ia to plane 
up for Ihis two pieoea of aah, abont Jin. eqnare and Sin. to 4in. long. 
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and put them in boiling water till they will bend, then fix and tie them 
like 0, till oold. Bend them, as shown, more at A, B than at the other 
end. The cross bars may be slightly notched into these, and glued aa 
well as nailed. Use the small wire nails, with round heads, as imitation 
bolts. Care must be taken to curve the two side pieces exactly alike, 
and where they come in contact with the edge board already described, 
a piece must be cut out of it to let them through. In Fig. 22, p. 58, is 
shown one in place with part of the right side of the cart in perspectiye ; 
and also a part of the left side in section. The bent bar is seen going 
down through the top board, and held by the two staples, a, a, to the 
side of the cart. Very often in farm carts the top board is omitted, and 
then it is still more easy to fit up such a frame, as there is nothing in the 
way to prevent it. These frames will vastly improve the appearance of 
the toy cart. 

The wheels made with a felloe turned and cut into two or three pieces 
must have a nicely turned nave, and be glued up and finished with a tin 
tyre painted black. If this is soldered into a ring and made to fit tightly 
it will not come off, but it may be held by wire nails driven into the 
felloe over one or two of the spokes, which will thus themselves be 
further secured. 

To make a farm-cart proper, or tip-cart or tumbril, all the above direc- 
tions will serve, except where the shafts are directed to be glued fast to 
the bottom boards of the body. In this case they must be quite inde- 
pendent, a pair of shafts braced by two cross-bars instead of one, so as to 
constitute together a stiff frame. These are then hing^ed to the main 
timber of the axle, to which the cart body is also secured, so that the 
cart body can turn upon the axles, which, with the wheels, form a centre 
of motion. When down in front, resting on the shafts, the body is held 
by staples fixed in the shafts which pass through the two timbers under 
the cart body. I have given an illustration to make this more clear. In 
Fig. 23, A, B, p. 60, which was in our previous cart part of the shafts, ia 
now an independent timber, to which the axle bar is fixed. It is left at A 
longer than the cart to form a support when the body is tilted up. The 
shaft (c) is hinged to the axletree, and 0, C are the staples fixed in the shaft, 
and passing through holes in A, B, while, to keep the cart body from 
tilting when not required to do so, a bar (F) is used, with iron pins at 
each end to fit into the two staples or eyes. 

Following are represented in plana pair of such shafts to show how they 
are framed up; and generally an iron band (H) is added for greater 
security to prevent spreading. All this is easily imitated in our toy cart, 
and if the main timbers are of oak, and the whole nicely planed and 
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▼amished, it will form quite an ornamental toy. But be it remembered 
vamisli will not conceal open joints and defects, and if onr cart builder 
is unable to make very dose neat work, he had far better give his pro- 
ductions a couple of coats of paint. 
The practice already obtained in the use of tools will render the con. 




Fig. 23.— Tip^abt ob Tukbbil. 



struotion of a waggon a comparatively easy matter. Still a waggon is 
not exactly a double-sized cart, for it han certain peculiarities of con- 
struction essentially its own. The front wheels are so arranged as to turn 
on a centre pin, and they have a framework or independent carriage to 
which their axle is attached, while the hind wheels have no such common 
horizontal motion. Then, to allow of thijs motion of the front wheels, the 
fore part of the body of a waggon needs to be blocked up or out away, 
or made higher than the other end, so that the wheels can go partly 
underneath it without coming in contact with the bottom boards. 

As before, I shall commence with the body, which must be made of 
iin. board, neatly planed on both sides. For a toy, the side pieces may 
well be in one, and not each made of seyeral boards nailed to a frame, 
though we will in this case add the latter for appearance' sake. If the 
long side boards are cut like A and B of Fig. 24, p. 61, the front 
will be thus eleyated at once aboye the hinder part, and although the 
floor wlU also rise instead of being leyel, this will be of no importance 
at all. Many waggons, too, rise in this way, and haye a rather more 
showy appearance than when they are made with a flat floor. But if 
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tbiw m&da we mnit form the bottom ol bouda put on Uie ihort or otOM 
my, and not lengUiwiie. We may, indeed, bend a Hoffldentl; thin 
board to to eMy onrva, but tka best plan will be to woTk with a ilnsU 
bit of ^n. or ^in. stnff np to where tlie riae beglni, and then make 
the reat of narrow bits run aoroM, joining them oloaely and beTSllinK 
fliem to ftt neatly agaitiBt each other. Let the oloae fitting not be 
■oamped, for it ia ezoellent praatioe, ttuibSng a good deal of jmnny, 
and hmuehold joiner; may be made not only an intereating pnnnit, 
1rat » paying one. 

Xiet the imitation framing and panelling be neatly carried ont, aa in 
the oart prerionaly deaoribed, bat it i« only neoeasary to pnt nptight 
bate, a, i, c, with a single long one at top and bottom, wbioh ahonld 
be ahaped by a tret aaw to the required cnrre. Where the long edge laila 
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meet thoae of the front, they mnat be notched into one anotiier, and 
Uted aa neatly aa an Oxford frame The ends of the npnght aide 
ban wQl be oonoealed when the top edge boarda are pnt on This board 
la held by braoketa of iron or wood, aa ahown at d, attached by email 
naila, or, better atiU, email aorawa. Thaae win, pediapa, be aaaier to 
make of w<N>d, nnleaa the toy maker oan naa the loldering lion, bat if 
•o, tliey oan be made of a atrip of tin bent to the neoeasaty an{^, with 
a third bit of tin or wire aoldered on at eaeh end to form the etay or 
tow*. Joat a tonoh of lolder will anffloe, and will not ihow when the 
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whole is painted black or ooloored with japan. These little brackets 
are to be fastened to the upright bars, not to the boards whioh form 
the sides. 

Fig. 25 is a view of the front end of the waggon, in whioh all details are 
given to show how the body is raised so as to allow the wheels to pass 
under it. A is the body, B a cross beam attached firmly to it; C, 
blocks whioh should be fluted or channelled round their edges to give 
them a lighter appearance ; D a second beam firmly fixed to the 
under side of the blocks. Through the centre of this is passed the 
bolt by which the axle, E, and fore carriage (represented complete in Fig* 
26) are united to it, so as to turn on it as a centre. In a real waggon 




a 



b' tar c" d' 

Fig. 25.— Fbont End of Waggon. 



a flat ring of iron, dotted ia the drawing, is let in flush both in the 
top of the fore carriage and in the bottom of the beam, E (one in each), 
BO as to form a turntable and prevent undue friction between the sur- 
faces of these pieces of timber. It can be made of stout tin, or omitted 
in the toy waggon, which will do just as well without it. 

The square holes a, b, c, d, in Fig. 25, are to receive the ends of the 
bars of the framework of Fig. 26. But it is easier to make round holes 
than square ones, and even where it may be necessary to use square 
bars in the construction of any framing, it is a common practice to 
round the ends to save the time and labour of cutting out square mortices 
with a chisel and mallet. By means of a lathe these can be quickly and 
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aoouxaiely made, bnt if no laihe is at hand there can be little diffionltj 
in accomplishing the work by hand. For toy work a knife carefully 
used will serve very well, bnt the round pin must be kept central, or the 
frame will be crooked. 

I have drawn this waggon front with axles shaped like those of 
real waggons, and they may be so made, and the wheels kept on by 
a linoh pin. Fig. 26 shows the shafts in position. They lie between 
the two side pieces A and B of the front frame, and a long bar (0, 0) 




Fie. 26.— Axle and Fobs Cabbiagb of Waggon. 



passes through holes in these side pieces and in the frames, forming 
a hinge. The shafts are, therefore, to be made and framed up yeiy 
like those of the cart last described. If the waggon is made proportion- 
ately broad, a double pair of shafts may be attached, but in that case the 
front carriage should have another timber similar to the side pieces, fixed 
in the middle of the front frame, where the two pairs of shafts will meet. 
This waggon deserves to be nicely painted, not to hide defects, because 
such are not supposed to exist, but simply that it may be arrayed in all 
the glories of its compeers. Let the wheels be painted vermilion and the 
body green — ^rioh dark green — and when this colour is quite dry, take a 
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small sable brash and piok it ont with YermiHoD, laid on in thin even lines 
ronnd the diif erent parts of the framework, thus panelling it ont in green 
and red. For instance, yon may put a line of red along the edge of the 
side top boards, others a little way from the edge of the yarionstimbersi 
a line down eaoh shaft, and so forth. Then we mnst add a name-plate 
of tin, or paint the name in blaok and red, or in any bright colonr, on 
one of the side panels, according to law. 

A waggon with a curtained tilt, and having wheels that can be taken 
oft, is certain to be dnly appreciated by subsequent generations. I wlU, 
therefore, describe the mode of making such tilt. The wheels of our 
waggon I have already stated to be remoTable at pleasure, being put 
on with a wire linch pin. The delight in pulling a toy to pieces does 
not I fancy denote a love of mischief, but a spirit of inquiry, coupled 
with an innate notion of building, constructing, and restoration. More- 
over, a child of intelligence notices that cart wheels can be removed, and 
the various parts of implements separated, and the natural desire of 
imitation, which is common to men and monkeys of all ages, causes the 
enhanced pleasure afforded by toys which can be taken apart and put 
together again. The easiest way to make a tilt is to get some split 
cane from a draper, and bending about four pieces to the shape required, 
tie them by waxed thread to longitudinal straight pieces, one of which 
will run at the top from end to end, and two others along at each side, 
the lowest of these latter strips resting upon the edge of the waggon 
when the tilt is in place. Leave the end hoops longer than the rest, so 
that they can be made to slip into tin ferrules or staples fixed to the 
body of the waggon. I think this will hardly need an illustration, as 
the plan sugg^ests itself. Then cover the whole neatly with calico or 
brown holland, adding a pair of curtains at each end ; and, to make 
it all still more like the real thing, a name and locality can be 
painted in black or red letters upon the outside. 



*«- 
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I WILL now dwoiibe liow to make a roller, whioh, moreorar, wheu 
of ratlier laiger dlmenBioiiH than that of the toyehop, ia a ydtj asafal 
■itieb to mn orer aeecl bedi in the garden, where the soil is light, and 
il almort as eas; to make aa the toy roller. In the latter, however, 
li I will flret deBoribe, wa shall want a frame of deal and a tamed 
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<7lind«i of wood. Taking the handle at 2tt. 6in., at 8ft. at moft,. 
aeooidin^ to the ilie of the oMld for whom it ia intended, it may be 
]^ued to a width of l}in. to 2in., and a thiokneu of fin. to iin. I 
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have in this case made a drawing to scale, to show the proportion of 
the diiferent parts. The handle (A, Fig. 27, p. 65) is 3ft. long, the rails 
(C, C, B, B) are 2ft., the sides (E, E) 1ft. The roller is 9in. diameter^ and 
jnst long enough to tnm easily between the side pieces in which its axles 
are made to ran in two holes, which ought to have little tabes of tin or 
brass let in. This is called *' bashing " the holes, and is done in the case 
of real rollers, wooden clocks, and other articles of the kind where the 
axles of wheels haye to reyolve in holes bored in the wood framing which 
holds them tog^her. It is often possible to gret bits of brass tubing for 
such purposes as the present, but tin will do almost as well, and it need 
not be soldered, but only bent round to meet, and then hammered into its 
place. 

F is a plan view of B, B or C, C, which are exactly alike. The cen- 
tral square hole allows the long handle to go through it, fitting well 
and closely. The ends are to be cut as shown, i.e., with tenons to fit 
well into mortices in the side pieces, one of which is seen in plan at H. 
In these pieces a is the bushed hole for the roller pin ; h and e the square 
holes to receive the tenons of the rails B, B and C, C. It is as well to 
make the sides of rather thicker stuff, say, iin., if the rest is of fin* 
scantling. The end of the long handle should be tenoned and fitted into 
a short rounded piece about 6in. long, like K, and pinned through. If 
the different tenons are made to fit and are glued, there will be no need, 
in a toy of this kind, to pin or wedge them, as tbey will be quite strong 
enough without. The axle of the roller is made of two pins of stout wire, 
about the size of a slate pencil, driven in after the cylinder is in place. 
Bore holes truly central and point the wires slightly. Another plan is to 
use two long screws passed in from the outside. The heads may be 
filed off, but it is quite as well to leave them as they are. Paint, of 
course, to match the waggon, previously described. 

We may now proceed to a horse (toy) roller w;ith shafts, and this wiU 
not be a difficult task to anyone who has succeeded in making a hand 
roller neatly. I have given a perspective drawing of this in Fig. 28, p. 67, 
which will not need a very detailed description ; a, h, e, d are tenon and 
mortice joints, as is also that of the two short side pieces where they join 
the shafts. These are shaped exactly like those of the cart. The roller 
must be turned to make a good job, but for the smaller roller, if a lathe 
is not to be had, a bit may be sawn off a round limb of a tree selected 
from the wood pile— a short piece is sometimes very nearly a true 
cylinder. 

Before proceeding further, I think it may be as well to describe in 
detail the proper way to make a tenon and mortice, as in this oonsists 
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tba main ateiei of caTpeutar, whsthei foi toyi or Urge wnd i»part«it 
work. InFif. 29, p. 69, A iR»«ap«iitet'B«qiu>re, often made entirelr of 
wood by the oupentm Mnuelf, bnt, general!; BpeaUng, foi tke kuIOm 
dioB the handle ia of kard wood and tlie blade at iteel, and the two an 
fixed aoooratoly iqnaie to each other. B of tho tamo Fig. ii a common 
gange, and C a mottfoe gang*. Th« Brat ooniiitH ol a item of beeoh or 
hard wood aotmratelj squared up, and about ^m. wide by 6iu. l<Hig. 
Near the end, in one hoe of this stem, ia a point of steel or of iron, Teiy 
Bliort and sharp, wbiob aotnally aoribefi the work whan naing tha tooL 
Upon this slides a bloch of hard wood, mortised oat to fit the stem and 
elide npon it stdfBy. It is foither mortised to hold a wedge ; it is marked 
F and the wedge Or, which latter haa two heads, to prevant it from 
(tiling ont and getting loat. The moitioe gange ia similarly made ezoept 




Fie. !G,— HosBi BoLLia. 

that in tha stem is fitted a brass slide, in the end of which is fixed another 
wribiDg point, which can be drawn away from the first by the action of a 
•drew [the head of whioh, ahapad for the finger and thumb to hold, is seen 
at tlie top of the tool), leanng between them a space the width of the 
desired mortioe. D ahowa a bit of wood with the aqnare laid aoroas it, 
where one and of the moitioe is to be. A penoil line is drawn along the 
wood at tliia plaoe, nsing the blade as a ruler. Tha square is then did 
down and a second line drawn, thns setting out the two ends of the 
mottim tmly square to the (ddes of the pieoe of wood, whioh I hare 
■apposed aocnnfely planed on all aidea. 

The sides of the mortioe are now to be marked by means of the gauge. 

This is placed as shown at £, the sliding blook baring been fixed on ita 

P2 
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stem at the distance the side of the moitioe is to be from the edge of the 
piece of wood. Holding it by the stem close to the head, or by the head 
itself in the right hand, and steadying it with the left, the gauge is mored 
np and down once or twice along the wood, and will scratch or scribe a 
line upon it as shown on the left side of E. A similar line is then scribed 
on the opposite side, which completes the marVing ont of the mortice. If 
the mortice gange is used, made, as explained, with two points instead 
of one, the two lines are scribed at once and at one setting of the tool, 
which is a much more convenient plan in the majority of cases. 

The great difficnlty to be overcome is the cutting the mortice aocnrately, 
qnite perpendicular to the face of the work. A great many are required to 
be cut through the wood, and when this is the case accuracy may be 
insured in the following manner : Instead of only drawing the lines by 
means of the square on one side of the piece, as at D, carry these quite 
round, ruling them on every side by means of the square. You can thus 
mark the position of the ends of the mortice on two opposite sides of the 
wood. Having your mortice gauge set, you have now only to mark the 
two side lines on the face of the wood as you marked the first, and the 
mortice will now be sketched out exactly in the right place on the two 
opposite sides of the work. You must now proceed to out it out cleanly 
with sharp chisels aided by a wooden maUet — not hammer. 

You must not set the edge of the chisel upon the lines which mark out 
the mortice, but a little way inside these Unes. Begin by setting it across 
the grain of the wood as seen in Fig. 27, M, p. 65, ^in. within the lines, and 
strike it gently with the mallet. The bevel of the chisel for this first cut 
may be outwards. Now reverse it and make a similar out at the opposite 
end of the mortice, and, pressing down the handle, raise a chip. But if 
the mortice is a long one, so that you cannot work like this, begin more 
in the middle of it, and so extend the hole gradually. When half way 
through the stuff, or thereabouts, turn it over and begin on the other side,, 
and after a while you will, of course, have cut quite through. You now 
have to work from each side until you have cut the hole square and true. 

Never obliterate the lines marked. Work exactly to them, but leave them 
on the wood, and let this be a standing rule, or you will never make a 
good fit. When the mortice is nearly finished you must turn the bevel 
of the chisel inwards towards the centre of the hole, and at the very last 
you must re-sharpen the tool, so as to trim the hole very clean. When 
finished all sides of the mortice ought to be quite smooth, and as true aa 
if planed. Using ordinary care no difficulty should be found in cutting a 
through hole like this, but when the mortice is not intended to appear on 
the other side it is very easy to cut it incorrectly by not holding the chisel 
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upright or perpendionlarly to the faoe of the work. When this is the oaae 
a tenoned pieoe fitted to it will not stand correotly at right angles to the 
first, and, indeed, will not fit at all, nnless so ont as not to stand npright. 
This is often necessary ; but, of course, in that case the iMurts are marked 
and fitted differently, the bevel being nsed instead of the sqnare. You 
can also mark out a mortice with a i>air of compasses, measuring the 
di ffe rent distances and pricking out the ends of the line and ruling with a 
pencil and straightedge, but this is not the right method, except in certain 
special oases, the square and gauge being so much more effeotive. 




Fig. 29.— Tools used in Mobticb Wpaz. 

The tenon needs just the same care both in marking and cutting. N of 
Fig. 27, p. 65, is a bit of wood squared up truly. First mark it all round 
a, h, c, with the square at the right distance from the end. If the tenon 
is to go quite through the mortice, let it be long enough to project iin., 
which superfluity will be subsequently out off with a saw and chisel 
Measure with compasses the size of the tenon required, taking the mea- 
surements from the mortice already cut, and haying set the gauge 
accordingly, scribe the longitudinal lines till they meet, or even cross those 
drawn by the square. Now saw h, c, and the opposite side, not cutting 
the line, but sawing so closely and truly that you will not need to trim it 
subsequently with a chisel. If of deal, straight grained and free from 
knots at this part, you may now split off the cheek pieces, using a broad 
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ohisel and a mallet, and subsequently with a very sharp chisel trim exactly 
to the lines. But if there is the least donbt about the straight splitting- 
of the wood, saw these cheeks out completely and truly, leaving, I repeat, 
every line upon the piece. You will then find that the mortice and tenon 
will fit with great accuracy, though not so tightly as to endanger bursting 
the mortice, a mishap not unusual, but fatal to any hope of a strong joint. 

I have in these instructions reversed the usual order of work, as the 
tenon is generally cut first, and being then stood on the piece in which 
the mortice is to be made, a line is drawn round the latter with a finely 
out hard pencil or with a steel scriber. But it does not much matter 
which way you go to work so long as you are very exact in marking and 
cutting out the parts. It is easy to understand that there are two 
faults to be guarded against — ^too loose and too tight a fit, to which I may 
add a partial fit only — ^in which case the tenon fits where it enters and 
where it projects on the other side, but not in the intermediate parts. 
This is a bad fault, and very common in cheap furniture. The result is 
that when glued together the holding power is a mere nothing, whereas 
the glue in a well*made joint acts over the whole of the surfaces in con- 
tact, and such is the tenacity of good glue that the wood will tear before 
the glued surfaces will separate. 

In the following description of a toy wheelbarrow I give such in- 
structions as will suffice for a really useful article fit for work in a 
garden. Of whatever size it is made, a child's barrow should be of 
utility to the little gardener, or it becomes a foolish toy, fit only for 
keeping baby fingers out of mischief. There is no greater pleasure 
to a child than to take a barrow out of doors and load it with rubbish, 
and no more healthy amusement can be devised than light outdoor work 
of this kind, which may also be made to teach many a useful lesson of 
tidiness and industry. 

The ordinary child's barrow (A, Fig. 80, p. 71) is constructed in the 
simplest manner that can be devised, and is not by any means a bad one. 
It might, with one or two modifications, answer on a larger scale, and it 
certainly has the advantage over those in daily use that it is much less 
prone to tip over sideways, because the centre of gravity is below the 
level of the hands. But this is an advantage with a drawback. It is- 
better for wheeling, but renders it difficult to discharge the load at the 
end of the journey, and hence it is, I suppose, that this design has not 
gained favour. But for children's use it is perfect, because their difficulty 
always is to prevent an upset, and if they try to wheel a barrow of 
ordinary shape fairly loaded they generally capsize the whole beforo 
arriving at their destination. 
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Each side is made of a single board sawn ont to the form shown. 
The front, cut like C, and the back of similar form, are then nailed 
inside these. These front and back boards onght to be thicker than the 
sides, to make a strong job, because, if thin, yon have to nse nails too 
slight to hold all securely. The bottom, which also forms the bearing of 
the wheel, is cut like B, the wheel ninning in the slot. By an oversight I 
haTe made this a barrow that will tip easily like that used by gardeners ; 
for a ohild's safe barrow the sides are continaed like short shafts to take 
the wheel, the axle thns lying above the centre of gpravity of the load. 
D shows one leg sloped off towards the top to suit the outward slope 
of the side, and so bring the legs into an upright position. 




Fig. 30.— Obdinaby Whbelbabbow. 



The arrangement of these essential p^rts of a toy barrow is always 
faulty, and very soon the legs are seen to have taken up a walking position 
instead of remaining perpendicular. To prevent this, there should always 
be a stay of light iron rod (if the barrow is intended for use) attached at 
one end to the bottom of the leg and at the other to the under side of 
the bottom of the barrow. 

In a mere toy when it is easy to find stuff wide enough, the side boards 
may even be shaped like the dotted line, and thus form the legs ; but, if 
so, these boards must not splay or slope outward much, as they will throw 
the parts forming the legs too far out of the perpendicular. In this case 
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a, bit of itnfl am b« sloped like E and n&iled on outaida (E, the put 
■haded, being an independent leg dmilaz to D, bnt nailed all the wk; 
down, and thna forming a mnoh etronger mpport than when ont and 
attached with only a nail or two in iti npper end). The parti of the tide 
boorda which form the handles are ronnded off with a spokediaTe, so as 
not to hnrt the hands. 

A banow wheel, if made of wood, is alws^ fomed in a peouliar way, 
unlike an; othsi wheel. The nave, square in the middls, slopes off at 
each end, and has iron tsrmles dziven on to pierent splitting, at the 
piTote are driven in and havo to bear the weight <^ the load and stand the 
oeaaelaat strain and jar of wheeling it. Through the middle of the squared 
part a mortice is out in one direction to receive Oia piece F, Fig. 30, p. 71, 
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which fomu two Hpohes, and is shaped as shown, fitting the mortiee in 
the middle, and being ronnded at the ends to go into holes bored in the 
lin or felloe. This bsiog pat in plaoe, a hole is now pieroad throngh the 
axle in the other direction, pasaing, of conrae, through the centre of the 
piece just described. This is a ronnd hole, and a portion of ronnded ash, 
or oak, or elm, framing the other two spokes of the wheel, is now driven 
in tightly, fiiii^ the flat [Kirtion Mcnrely and completing this pari of the 
wheel. The rim, made of two, or at most of three, sepuate pieces, as 
already described, is now fitted on and worked np to a correct fonn, and 
an iron l^re completes it. Sneh is the mode of oonstmotion without 
Independent framing, wbieh generally finds &TOUr with toy-makers. 
Ifotbing can be better for a child's barrow. 
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We will now, howerer, progress a step farther, and make this article 
with a frame. There are two patterns general even in this case, viz., 
ihat of the nayyy barrow used in the constrnotion of railroads, and 
intended to carry a comparatively small load and tip easily, and the deep 
barrow of the gardener, which is often made still deeper by additional top 
boards, that can be added and removed at pleasure, the object being to 
enable large loads of dead leaves to be carried in the autumn. 

The navvy barrow is a simple affair, and is designed to be, to a certain 
•extent, portable, f .e., the main parts can be so made as to pack flat for 
shipboard or train, and on arrival at their destination these can be put 
together in a very short time without much knowledge of carpentry. In 
Fig. 31, p. 72, A is the bottom frame of ash, forming at once the shafts^ 
^e wheel bearings, and the support of the bottom. B gives a side view 
or profile of one side of this frame, and shows two wooden brackets 
separately drawn at c, nailed on to support the front and back boards, 
to which, when attached, the sides are securely nailed. The wheel is 
always of iron. 

The gardener's wheelbarrow is made on the same principle so far as the 
bottom frame is 
concerned; but 
this is not so 
narrowed at the 
wheel end, and 
the boards are 
put on differ- 
ently. Instead 
of the brackets, 
the legs are 
notched out and 
fitted on, as seen 
in section (Fig. 
32) A, and in 
perspective in 
32, B, so that 

their upper part forms a support to the side boards. Two pieces (C, C) 
mortised into the shafts at the wheel end support the back, and the 
latter at this point support in turn the further ends of the sides. An 
iron rod, generally speaking, goes from one leg to the other, as shown at 
the dotted line, and this, which has a large head at one end, is fixed with 
a nut at the other, adding considerably to the strength of this part. A 
■band of hoop iron is also frequently put across the top edge of the back 
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board and OTor the sides to whioh it is nailed, which prevents so much 
strain falling upon the nails which hold these togfether. A heavy load 
is thns prevented from bursting ont the sides of the barrow. 

Even if this garden implement is only intended as a fairly useful toy^ 
it should be made, if possible, of ash, and all parts well and strongly 
joined together. It is not a difficult article to construct, and will afford 
good practice. Care must be taken to out the top part of the legs 
to exactly the same angle, and to place C, C at a similar angle, or 
the barrow wiU be crooked, and only fit to be stuck upon a pole 
and labelled "failure,*' as a warning to the amateur carpenter to take 
more care. 

There now arises the question. How are we to insure the correctness of 
the aforesaid angles of our wheelbarrow? for it is a frequent occurrence- 
in carpentry that pieces have to be united together at other than right 
angles. The tool used in suck cases is the bevel illustrated in Chapter I., 
Fig. 1, p. 6 — a sort of square with movable blade. It is used very much in 
the same way as a square, but the blade is first set to the required angle. 
Suppose you wish to cut a sloping mortice. The side lines are to b& 
ruled on each side of the piece by means of the bevel, while the others,, 
and those to match them on the opposite side, are to be drawn by 
the square. Thus, when cut out, you will get a skew mortice, which 
may represent part of the wheelbarrow already described. The tenon 
must be marked by the same bevel. Thus the same tools and the same 
methods are used, whether tenons or mortices are to be drawn, and the 
bevel once set wiU answer for both. If you have no carpenter's bevel 
(which you can, however, easily make), you can cut out a bit of tin to the 
required angle, and rule along the edge of it. 

It is a common plan with carpenters who have a number of articles 
to make of the same kind, to keep templates or pattern plates of this sort» 
made of zinc, or tin, or thin wood, cut to the bevel or curve required. 
They are struck out orig^inally with large compasses, or with a lath and a 
couple of bradawls, forming what are called beam compasses, if the 
segments are to be wheel patterns of large size. Others whioh are not 
parts of circles are ^rawn out in pencil by the eye, and, after being cut 
out, are neatly finished to accuracy. But once carefully made they should 
also be carefully kept, and not allowed to lie about on the floor till trodden 
upon and broken or lost. 



CHAPTER X. 



WINDMILLS AND HANDMILLS. 

Thbrb is, perhaps, no toy that allows of the exeroise of ingennity as- 
mooh as the windmill. We meet with it in yarions forms in the toy 
shops, and there are many others whioh it may take until it beoomes- 
an absolutely correct model of the well-known machine. The simpest toy 
windmill is that consisting of four light arms with coloured paper attached 
to the ends, and a pin or small nail through the centre, by which these- 
small sails are attached to the end of a light rod, but so as to turn freely 
upon it. Faced to the wind, the rod held in the hand, the small saLl» 
spin merrily enough. 

Then we have the toy mill, consisting of a hollow wooden tower 4m. 
to 6in. high, through the upper part of which the axle is placed, with, 
sails of wood at one end. A string wound round this axle is brought 
«lown and out at the lower end of the tower, by pulling which sharply 
and then letting it go motion is given to the sail, and the string is 
rewound in the contrary direction, ready for a second pull. I do not think 
this worth further notice, as it is a mere baby's toy, and would at best 
be only worth making in order to practise turning hollow work. 

The firstltoy windmill I shall describe, therefore, in detail shall be one- 
which I myself possessed as a youngster, and which gave me, I remember, 
great pleasure, although I had to turn the sails myself by means of a 
small handle. But it was made to take apart, and it had a dick-dack 
attachment, to say nothing of a flight of steps, or step ladder, on which 
stood in all his glory the miUer himself. Then there were sacks thai 
could be hoisted by a chain through a veritable trap door, and it was a. 
toy of which, curiously enough, I have never seen the counterpart. I 
shall, however, make one forthwith for some young hopefuls, since the* 
necessity for writing this book has brought the original vividly to my 
recollection. 
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First of all there was the stand, consisting of a square board about 
2in. eaoh way, with fonr knobs at the oomers to make it stand more 
firmly. This will be better if made 3in. square of iin. deal, as it 
has to support the whole structure, and it will be still better weighted 
underneath by attaching to it a bit of sheet lead. It will not then 
require to be steadied by the hand while working the sails. In the 
drawing opposite (Fig. 33), which is partly sectional to show the inside of 
the mill, this stand is marked A. In the centre of this board is glued a 
round turned boss (B) to add to its thickness, and thereby giro g^reater 
steadiness to the pillar which comes next to it. This may be liin. in 
■diameter, and iin. or more in thickness. In the centre of it a hole must 
be made about the size of a cedar pencil, which must also penetrate 
through the square board. It will be best made by a shell bit or nose 
bit used in the brace — a gimlet may split the wood, and will not make 
«o smooth and round a hole. We now arrive at (E) a turned pillar, liin. 
to 2in. long and about lin. in diameter, which is to be turned with two 
tenons or pins, one to fit the hole just described, the other, a similar 
one, to enter in the bottom board and boss of the mill itself. This pillar 
should be made of beech or ash, not of deal ; but, if the latter is used, 
it will be as well to bore holes and glue in these pins made of some 
harder wood. C is a boss similar to B glued to the centre of D, and 
serving a similar purpose. D may be 3in. square, i.e., the same size as 
the lower board, and fin. thick. Near the comers holes are to be bored, 
but not so large as the others, say, the size of a penholder. It is as well 
to put a boss also under each of these comer holes, as they prevent the 
wood from splitting if put with the strain across that of the board to 
which they are attached. 

All the parts described should be made as neatly as possible, so 
•as to fit together without the least shakiness. For a thoroughly good 
job the bottom board might be of iin. stuff only, with strips fin. 
broad glued on, so as to give it the form of a framed panel, which 
will prevent it from warping. If this is not done let the stuff ^ 
very dry, and use by preference a harder wood than deal. Let it be 
quite square with nice clean sharply cut edges. Thus far we have 
built up the stand and floor. This may be glued up, of course, if 
preferred, but one chief pleasure of this kind of toy is derived from 
taking it apart and building it again ad Uhitwm ; and I should not glue 
any part of it until perhaps by frequent use it may have become shaky. 
It might then be glued together and remain as an ordinary toy. We 
now have to plane up the angle pieces (H), which also fit by pegs into 
the bottom where the holes were made for that purpose. Here again. 
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-as in the rest of the main framework, deal is not so good a material as 
%eedh or ash, but it will do fairly well. 

The original mill was a German or Swiss toy, oonstmoted of the 
well known beantifolly white pine of finer grain than deal, and 
less prone on that acoonnt to split. The pillars may be Sin. or S^in. 
in height, and are grooved on two adjacent sides, as shown at F and 
-at G, which is the cross section. They may be fin. wide each way with 
,%in. gfroove. This groove a carpenter would plane ont with a plough 
•or grooving plane, or with a gauge made on purpose, but it is easy to 
manage it with a mitring saw and a small chisel. An ordinary, gauge is, 
'however, a good tool to use to mark the groove out with the grain of the 
wood ; and one made with a cutting edge instead of a mere point (a tool 
•easily made at any time) will do such work most efficiently. 

There is such a tool called, I think, a string or stringing gauge. It is 
used to plough out a straight and narrow groove for the insertion of 
-strips of veneer, to form ornamental lines in pieces of furniture. When- 
ever a gauge is wanted for special jobs it is quite easy to make them 
^thout a sliding head. A bit of hard wood is cut like K (Fig. 83), and 
gauge points inserted at the required distance from the head. They are 
^made thus for marking out sash work and many other such jobs which 
have to be repeated to the same dimensions. They are also made like L 
'in steps. These cannot be purchased, but are made by the carpenter for 
-special requirements to save the trouble of setting and readjusting 
the sliding gauges commonly seen, and which I have already described. 
It is easy to make one of these to plough out the grooves in the 
-upright posts of the mill. The object of the groove is to receive the 
sliding panels of thin board, forming the four sides of the mill, each 
of which has a little window, and one the door, with hinges of fine wire 
or of thin leather glued on. These sides are of stuff barely iin. thick, 
^merely bits of board very truly squared up. They are slid into the 
grooves in the posts, and then four little beams like M, M, with holes 
through them near the ends, slip over the upper pegs of the posts and 
•keep them from spreading, thus securing the structure. 

The top beams are to be notched out at their extremities to fit with a 
half lap upon each other and upon the pegs, so as to form a level surface 
■upon which to set the roof. This may be made of a solid pyramidal 
ishaped bit of deal, painted in oil colours to imitate tiles or wood. It is 
made to fit on the t(s> beams by four short pins, of which two are seen in 
•a, h. On the summit is a turned ornament or a weathercock. In one 
•part of the floor a trap door (P) is made and hinged with leather. 
Through this the chain falls for lifting sacks. The windows should have 
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glass pnt in, whioh may be secared inside where not seen by strips of 
oalioo glued over its edges and attached to the boards. Very thin glass 
should be nsed to make a neat job of it. 

We now have to form the sails and arrange the axle to carry them. The 
latter is tnmed with an enlarged part at O, or this is tamed and made 
to slip on stiffly. The axle is also made to fit tightly in a wooden cog- 
wheel and a cotton reel (S). Its lower end is made smaller, so as to hare 
a shoulder at X, whioh rests against the three-cornered bit (T), glued to 
the wall on that side, and whioh is necessary on account of the angle 
whioh the axle itself makes with the side of the mill. The wheel (B) has 
a wooden spring resting on the cogs to cause the clacking noise when the 
sails turn. The spring is fastened securely at one end to the inside of the 
wall nearest to the wheel. The sails or vanes are merely thin pieces of 
board out as shown, and rounded at the end to fit into holes in the boss 
of the axle. 

Not being intended to turn by the wind, these may stand quite flat, as 
tb^ generally do, or they may be turned in the holes to set at any 
desired angle, in whioh case the wind will of course drive them, if set out 
of doors ; but this is not meant as an out-of-door toy, and had better 
remain as an indoor one for the table. In order to get the axle into 
place, the side (H), through which it passes, has a U shaped piece cut 
out of its upper side, the width of whioh just allows the axle to pass 
into it, and rest on the bottom. The handle at the opposite end is 
removed, and this end placed in its block until it rests against the block 
at the shoulder. The sail end then drops down into its U shaped bearing. 
This is, of course, all arranged before putting on the roof. W is a wire 
loop to g^uide the chain, so that it may not slip off the end of the cotton 
reel, which should be turned with large flanges. Indeed, though I have 
called it a cotton reel, it should be made on purpose. I have shown the 
steps in section, the view giving the inside of the further board forming 
one side. The other is like it with grooves for the steps, which are to be 
glued in or fixed with small brads. The upper end may rest against a 
block by the miU door, or be made to hook on with two wire staples, 
This toy is one requiring a little care to make neatly and so that it will 
be firm when put together, but will not present any real difficulty. It 
is a capital toy to construct, and should have a box to hold it. It will 
make a birthday present for any child from 3 to 5 or 6 years of age. 

It is by no means difficult to modify certain toys so as to render them 
more or less serviceable, and we can do so with the handmill, adding 
thereby to the satisfaction of the maker and user. Perhaps the best 
use to turn it to will be sugar grating or grindingi and the sugar *^r\ 
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be Sifted and made to nm oat of a spout into little saoks, thns imitatm? 
the work of a real mill. But it is to be noted that when a toy has to do- 
real work it must be strongly made, and we must now hare a main 
spindle of beeoh or ash with a handle of similar material, which handle 
is to be long enough to give good leverage. The base or stand should 
also now be weighted with lead or made to olamp to the edge of a table 
by the small American damps given previously. What we require is first 
of all some form of grater like that used for nutmeg attached to the axle 
of the sails. Properly speaking, to imitate more precisely a mill, we 
should place it horizontally and work it by a pinion or " trundle" from a 
large wheel on the spindle, but this needs more power in order to turn it 
and overcome the resistance of grinding, and it also needs a little know- 
ledge ef wheels and pinions, which I do not Wish to give till later on. 

We have a choice of form in respect of the grating contrivance, and 
must consider what will be easiest to make rather than what is absolutely 
the best. If a nutmeg grater is examined it will be seen to consist of a 
bit of tin, which has been perforated by a punch from one side only, the 
rough edge thereby produced on the opposite side fulfilling the of^ce 
of a grinding surface. The shape g^ven to the grater depends on con- 
venience, some being cylindrical, to fit into a neat case, others flat or 
rounded, while others, like the American carrot grater, are of much 
larger size, working by small cog wheels, and are of cylindrical form, 
with an axle through the axis of the cylinder. Of these forms I think 
the cylindrical will best answer our purpose, because it will not be 
difficult to find the material partly shaped to hand. We can get, I dare- 
say, a round tin box about an inch deep and a couple of inches across. 
Taking off the cover, it will be easy with a punch (any bit of iron or steel 
ground to a rather blunt point and about 4in. long) and light hammer, 
working from the inside of the box, to render the outside a very capital 
grater. A hole must now be made in the middle of the cover and also 
of the bottom, large enough to admit the axle stiffly. 

This axle is to be turned with a shoulder like Fig. 34, A, for the grater 
to rest against ; and a spring driven in through the tin into the axle, 
will hold it securely enough to prevent it from turning ; or if you like 
to make a still better job, glue on first a round disc, like that dotted, 
and then, before putting on the cover of the box, tack it through the 
bottom to this disc ; or, thirdly, turn it round, not using the cover 
at all, but inserting the disc just inside it, and so nm-ViTig the latter 
form the cover ; give it a small tack or two at the edge of the disc. 
The black line, B, represents a hole to allow any sugar that may accumu- 
late inside the box to be shaken out ; most of it, however, will fall out at 
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The hopper (as also the bottom xeoeptade) can easily be fixed in its 
place inside by glueing on blocks inside the walls, between which it can 
zest, and to which it can be attached by small screws or wire pins. It 
should not be glued until it is proved to be exactly in the right position, 
and to fit so closely as only to allow the sugar to escape after being 
reduced to powder. It is, indeed, a good plan to arrange all parts so 
as to be separable at pleasure, instead of glueing them together per- 
manently. It will be better to make this sugar mill with a hollow 
roof, because the upper hopper must stand chiefly above the level of the 
main axle of the sails, and there will not otherwise be room for it unless 
the axle is placed too low down to look well. To render all clear I give 
in Fig. 36, on the opposite page, a section of the mill to show the inside 
complete. Here A is the upper and C the lower hopper, B the grater, 
D the sifting arrangement, described further on. This is a very simple 
affair, but effective. In this case, it is intended to have a special hopper 
side by side with the other, which is to be filled from the produce of the 
grinding apparatus. 

In a more complete arrangement tiie sugar should fall into the sieve, 
and thence be carried to the basin or sack, but we must not attempt it 
just yet. D is a square box or tray with a bottom of coarse muslin, 
supported by a few cross wires to give it streng^th, or it may be of tin 
pierced with holes, or perforated zinc, or finely-woven wire. This is hinged 
at G to the side of the mill by two hinges of leather glued on, of which 
one is seen at G, and the bottom has two little blocks (K) glued on, by 
which it rests on the edge of the hopper (F) . E is a bit of tape, one end 
glued to the side of the box, the other to a bar at the top of the 
miU; one only is shown, but there maybe two, one attached to each 
side of the sieve. At H is seen a stout wire, passed through the axle 
of the sails, and bent at right angles. It must be long enough to strike 
and push away the tapes, which otherwise hang perpendicularly and 
are tightly strained. Thus, every time the wire touches a tape the box is 
lifted a little at the end, opposite to the hinges, and then, as the wire 
becomes perpendicular, the sieve drops with its blocks below upon 
ihe edge of the lower hopper, thus receiving a shake, which sifts the 
fiugar. 

In a simple toy like this no special provision is made for the removal 
of the larger particles left in the sieve. Perhaps the easiest way wHl 
be to take off the rod and turn the miU upside down now and then ; 
or the miU door can be made at this place so as to admit a teaspoon, or 
to allow the sieve, which can be merely hooked on to little wire 
staples, to be removed entirely. Instead of a second hopper, moreover* 
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rapidly^ eipeoiaUy if tlie lumps be fint htckea to the size of % Iiaselimt. 
Sifting, if the sieve is % fine mesh, will, of oonrse, take somewhat longer. 
It may as well be stated here, that a drawing shonld always be made 
before oommenoing the actual oonstmotion of either this or any other 
toy containing several parts. Without such a guide, the toy maker or 
amateur carpenter will never be sure of getting the different parts of his 
work to agree. All that is needed is an outline drawing of the proposed 
article, an elevation, end view, and cross section. The elevation would 
in this case be like Fig. 36 (p. 83), showing the interior, and, if made of 
fuU size, it will show exactly where each part has to fit, how many 
inches must be taken in this direction or that, what size you can give 
to the grater or the hopper, how long the sails are to be to dear the 
stand as they revolve, and how high the roof must be above the body of 
the mill to clear the hopper. A ruler and a square, or a correctly cut 
card for the latter, and a finely pointed pencil, will do to start with, 
but triangfular set squares can be bought for a penny er two at OasseU's, 
and also cheap drawing boards, compasses, and any other implements 
of the kind at the lowest possible cost. Carefully made drawings are 
always worth preservation ; careless ones are of no value to work by, and 
may as well be left alone. 

It seems but a step from the toy mill requiring the hand of the small 
boy to turn the sails to one on which the wind is left to do this duty. The 
smallest affair in which this takes place is the cliok-olack mill, to terrify 
sparrows m order to save the seeds in the garden in spring time from 
these feathered marauders. I should hardly have deemed this con- 
trivance worthy of mention if it were not that I have been asked how 
to make it, and that it will also serve as a description to a g^reat extent of 
other out-of-door mills. The chief difference between these and indoor 
toys is that the former have to be so constructed as always to face 
the wind, and, as the direction of the wind is constantly ohang^g, a 
windmill has of necessity to be continually facing about in all directions 
to accommodate itself to the changes. 

A (Fig. 37) represents the top part of an upright pole to be firmly 
fixed in the ground. This is eased off at the upper end, where a stout iron 
rod, about 6in. long, is driven in. Bore a hole a little smaller than this 
rod, which should be the size of a cedar pencil, so that it will fit tightly 
when inserted, and take care to have it quite upright. Let it stand out 
3in. It ought to have a screw cut on its upper end, to take a nut — a 
blacksmith's job— but we can, I dare say, manage to do as well without 
it. The actual mill consists of a frame of wood, which I think the 
drawing will explain. G is to be liin. thick and 6in. long, if of deal, or 
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lin. thick if of harder wood, like ash, or beeoh, or oak. The width 
may be l^in. or 2iii. The short nprighta at each end will do of lin. thick 
stnif, the width being the same as that of the bottom piece. It is much 
better to make all this of beech nicely planed np. The short pieces 
ought to be fitted by being mortised into the other, bnt may be attached 
by two l^in. screws at each end, the heads being neatly oonntersonk. 
They are to be quite npright, and the frame most be stifF, strong, and 
neat, or it soon comes to grief. Hence, nicely made mortices are to 
be preferred. This frame is to torn easily, but steadily, npon the iron 
rod which is to pass through it. It is, in fact, a windmill weatheroock. 
Hence it is that a nut and screw would be an advantage, because with 
it we can adjust the degree of tightness we ought to give to this part. 
The hole in the base piece must not be too big, but must fit the rod 
nicely, and it will be a great advantage to line it with a bit of brass 
tube. It will then turn easily and steadily if oiled. If we oannot 
manage a screw and nut we have to secure it by slipping on quite tightly 
a bit of hard wood to senre as a nut. There is not much tendency in 
this part to fly off the iron rod, but it may do so if the wind chance to 
be high. 

There is another way to mount this frame, which is quite as good and 
easy to manage, and may even be preferable. Let the hole in tiie post 
be large enough to allow the rod to turn in it easily, and here, again, a bit 
of tubing is advantageous, because the wood is sure to swell witii tiie rain 
and damp to which it will be exposed, and it will then bind the rod and 
prevent it from turning. The rod is in this case to be made to fit tightly 
into the base board of the mill, as the whole is now arranged to turn 
in the hole of the post. The next consideration is the axle of the sails, 
which may be now placed at a slight inclination with advantage. Let 
this be neatly turned out of a piece of beeoh with a boss or larger part 
at one end to receive the sails. The length is to be such that when 
put through holes made in the upright pieces it will reach to the shorter 
of these, but not go through it, because the sails will turn more easily if 
the pivot at that end is of wire ; the other must be of wood. I did not 
state the height of the uprights, but they may be respectively 2in. and 
lin. above the base. It is of no great importance, however, that they 
should be of different heights, nor need these measurements be adhered 
to. If, however, the base is too long it will cause more swaying about, 
and the whole affair will the sooner wear out. To get this axle in place, 
it is to be put through from the front, and, to keep it from being blown 
out of its bearings, it is a good plan to turn a groove in the neck, as 
shown at K. A wire pin or nail is then inserted in a hole in the upright 
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at L, which, falling into the groore, aeonrea the axle without interfering 
with its revolution. To make the oUck-dack, a little bit of wood snepended 
at D l^ a short bit of string is made to strike the frame every time the 
axle revolves. A better arrangement is given here which, will, at any 
rate, surprise the most insolent cock sparrow till he gets used to it, which 
he very soon will. A Uttle hammer (D) is made by attaching a knob of 
hard wood to a bit of thin wire or thin watch spring. It must be thin, 
because it must yield at once after the stroke is given, or it will stop the 
nuU. E is a dock bell, which can be had at any watchmaker's for a 
shilling, or it may be a toy bell, but these have not much ring in them. 
It is mounted on a stout wire, and must not be allowed to rest on 
the frame. The hammer must be arranged so as just to strike, 
but not rest upon it. It will make a delightful din, like an alarum. 
H represents a sail sawn out of iin. board to something of that shape. 
It must be rounded not only to fit the holes in the axle, but to allow 
each sail to be accurately set by being twisted round till the wind seems 
to act fully upon them all. They must all be turned in the same direction 
— i,e,, the right or left hand edge, as you face the sails, must be set 
back or forward ; not the right of one and left of the other, or they will 
stand still. 

The fantail in this case is a fiat tail, like a larger sail let into the back 
or mortised into the upright, so that its flat sides agree with the sides 
of the mill. It should be just so large and long as to balance the weight 
of the sails, thus taking off all possible side strain on the upright pivot. 
If this is carefully attended to, tiie mill will turn instantly if the direc- 
tion of the wind should change. 

It may, perhaps, be worth while to explain how this tail keeps the safls 
in the right position. The wind must act upon their face, and by strik- 
ing upon the slanting sides of the sails, and glancing off, its reaction 
drives them round. It matters not what the force is. If a finger is 
pressed against the sail, and advanced in a straight line, something must 
yield to its pressure. If the sail were quite flat such pressure would 
break it, but if twisted half round, the end of the flnger pressing 
against it would compel it to yield sideways, causing it to revolve, and 
a part of the force applied would be utilised thus m turning it, while part 
would have no other effect than to strain the sail by pressing it back— 
tending to break it. Suppose when you set up the mill that the wind is 
not in front, but strikes sideways, it will not turn the sails, but will 
press against the flat fantail, and push it away till it has so far turned 
the mill on its spindle that it can no longer act in this way. By so 
doing, as the fantail is at the back, the sails will have been brought 
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loOBd tin dMjfM* 11m wind, wbuh wfll, of oosiw, bagin to aot on 
Oen. Than, ff tbawJndTaij em ■» UtUa, it will again itriksOD on* 
ride of tbe fHttoO, pradnring tii« mou moremmit ai befon, m that tlu 
dfwt of tU* simple addition ia to ke«p the nula always in ths poaiiion 
nqialrad to maat tlia wind. In a real null a faatail large enongh to son- 
T«rt it Into a waaUiaroMik wonld be an nndchtiy and oambroiu affair 
If oonatenoted lib tiia abore. It la, tlierefora, modiSed, bnt effeota tlM 
•toa ratolt. Tba general aiiangement is giran in Vig. 38, and the 
inganiona toj-makar, if ambitional; diapoaed, may tax hi« ingenm^ bj 
■ttaehlsgaiinilaroMtobiatar windmiU. Theta 




Tie. 38.— Famiul 



BmLLiD Whiiu. 



Into a aat of amall laUa arranged on an axle, joit like Oie vane wheel of 
an old-faiUonad amoke-jaok. It ii dtiTea at a great pace when the wind 
■trikta on lla faoe. In an ordlnarr mill driving throe or four poire of 
■tonaa thaia aaila an ISft. In diameter, thongh &om the height at whloh 
thay ara plaoad thay appear qnite amall to a parson standing bdow and 
looking np at them. I hare shown this psrt without th« framing to 
randar the aotfcm deaiar, A is the tantidl, npon the axle el whioh 
(B) ia ft bsral wbaal (C), working Into another (D), on an npri^t azlo ; 
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at the bottom of this is another mmilar wheel (E), and its companion 
(F), by whidh the motion is again changed foom yertioal to horizontaL 
On the azie of this wheel is a short strong bit of a screw of yery 
coarse pitch, which lies in the cogs of a circular rack nmning all ronnd 
the npper part of the mill. As this endless screw revolyee it acts with 
enormous power upon the rack, and tnms the mill head round with 
apparent ease. I would here call the toymaker's attention to the bevel 
wheel as a means of changing the direction of motion. A face wheel is 
one with cogs upon the flat of the wheel instead of upon the edge. 
Sometimes these wheels are like yery larg^ beyel wheels, with cogs only 
extending a couple of inches or so towards the centre of the cone. 
These are often used in millwork, the cogs being generally of wood let 
into iron. In the old post mill the steps were necessarily flzed to the 
floor, and were carried round with the mill. 
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CHAPTER XL 



LOCOMOTIVE ENaiNES. 

The simplest of these will, of course, first demand notice, as for the 
present we most confine onr attention to wooden toys. The essential 
parts of the ordinary toy locomotiye will consist of a stand, carrying the 
axles of the wheels, a boiler of solid wood, tnmed to size and shape in 
the lathe, and a fonnel or chimney. To this should, however, be added 
a smoke box, a dome, and a cab or protection for the driver. These 
additional parts give a far more realistic appearance to the toy, although 
otherwise of no real importance. The drawing, Fig. 39, will, I think, be 
recognised as the normal type of toy engine. 

The part marked A is a cylinder of wood, to be neatly tnmed and 
smoothed with fine sandpaper. The size is of no great importance, but 
should be such as to give the whole a handsome appearance, say, Gin. 
long by 2iin. in diameter. After being turned, a fiat place is to be made 
by the chisel or plane on one side of the cylinder, by which it can be 
attached to the bottom board. The fiat thus made should be about liin. 
wide on a boiler of the size stated, and the bottom board may tiien be 
fin. thick, 8iin. long, and Sin. wide, the extra length allowing of smoke 
box, with funnel above it, and the cab, of which the bottom will then be 
liin. in length. Plane up neatly on one side, if not on both sides, the 
bottom board, taking care that the ends are truly square. The ends, 
moreover, of the boiler must either be cut off in the lathe or marked 
with a deep notch made by the chisel and then sawn off with a tenon 
saw to insure their being at right angles to the length of the boiler. 
Otherwise the additional pieces at the ends cannot possibly be made to fit 
accurately, and the whole concern will be a muddled, unsatisfactory affair. 
Both these end pieces should be like that shown at B, but that carrying 
the funnel should be lin. thick, the other, called the cab, may be iin. 
only. The latter should stand higher than the other, which need not be 
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more than fin. to iin. above the boiler, and project iin. on the sidee. 
The other board ehonld be exactly the width of the bottom board, and 
may stand fin. to Iin. above the top of the boiler. The funnel is to be 
turned to the shape shown, and may be 2iin. high, fin. diameter at tiie 
lower end, tapering to iin. just below the cap, which should be quite fin. 
diameter to look well. 

These several parts having been carefully made and sandpapered, they 
may now be put together with small brads — small, but long enough to hold 
firmly. The cab board must be attached by brads to the bottom, and 
by longer ones to the boiler, but the front board, intended to imitate 
the smoke box, being so thick, will, if nailed at all, need a brad Ifin. 
or 2in. long to attach it to the boiler. This will not be necessary if it is 
firmly nailed to the bottom by a couple of liin. brads driven from 
below into this thicker board. The dome on the top of the boiler, Iin. 
and l^in. diameter, should be turned to shape, and then hollowed out 
underneath by means of a half-round rasp and file until it will fit closely. 
It is then to be glued on. The cab should be made by nailing a strip of 
thin tin Iin. wide all round the board (E) so as to form a hood or cover. 
This may be cut straight or hollowed out like the drawing, and with or 
without side windows. The board, however, should have two round holes, 
out with a fin. oentrebit, as shown at B, and if you can manage to fit in 
bits of glass, so much the better ; if not, put pieces of tracing paper, 
thin horn, talc, or any transparent material, which can be cut out with 
a pair of scissors. For axles you can adopt, either the plan of having 
them fixed and the wheels turning on screws or turned wooden pins, or 
the axles of wood or stout wire may be fixed to the wheels, and turn with 
them, being attached to the bottom board by passing through wire staples 
or wooden blocks attached underneath, and drilled to allow the axles to 
pass freely through them. If the former plan be carried out, it will be 
better to glue on two axle beams, iin. square, to receive the screws on 
which the wheels are to turn, as the bottom board, being but fin. stuff, 
is hardly thick enough to receive the screws. 

The wheels must be Ifin. diameter at leitet, and made from stuff 
fin. thick. Let them be turned up nicely and attached firmly to their 
axles, or well secured on screws of tolerable thickness and length if 
tiie latter plan is adopted. Thin wheels always wobble about as they 
revolve, than which no defect has a worse appearance. In attaching 
the tin to the cab use small brass nails if they can be procured, and 
take care to insert them at equal distances apart. It will be the better 
plan to make the holes before bending the strip of tin ; a tap with a light 
hammer on a small bradawl will suffice to pierce thin stuff like that 
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reoommended. Thicker tin may be used, bat I wonld oantioiii the toy- 
maker to remember that if stiff and springy he will find it rather diffioolt 
to nail it on, as it will often draw one nail wMLe another is being 
driven in. Small square blooks, turned at one end to resemble buffers, 
should be glued on at each end of the bottom board near, but not quite 
at, the comers, or, if more similarity to a real locomotive be desired, two 
loo^ strips may first be glued under the bottom board, extending iin. 
beyond it at each end, and to the ends of these strips or buffer beams 
small mushroom-shaped pieces can be attached by glue. Such is the 
mode of constructing a toy locomotive of rather good quality, but it 
oannot be considered finished until painted and decorated. 

The smoke box should be paiated black, as it is always in a real 
engine ; A should be green, because it is not the iron that is visible in 
this part of a railway engine, but strips of wood or ** lagging '* as it is 
oalled. These are laid dose together like barrel staves, witb a layer of 
fait under them, and are bound over by three or four hoops of iron. The 
object of all this ** lagging *' is to retain the beat as much as possible 
ly preventing the cold air from striking on the metal boiler and chilling 
ii This woodwork is usually painted a rich green, the bands of iron 
being black, though these are sometimes replaced by hoops of bright 
brass. The dome (D) is always of bright brass or copper. The wooden 
one may be painted to imitate copper. The cab (E) may be coloured 
vermilion. The bit of rail (0) should be made of brass wire polished. 
The wooden frame will look weU of a dark oak, or of a lighter oak tint 
veined with a darker colour. The wheels may be the same, vrith, 
perhaps, the small central drole and a band on the edge both coloured 
black. The name should be painted on a piece of tin first coloured 
white, the letters being of a bright vermilion edged on one side with 
black. This will cause the letters to stand out and appear solid, as 
the black edge stands as a shadow. It must be all on one side of 
each letter, not on both, for shadow is oast only in one direction. Buffers 
black, and the whole varnished afterwards. 

The next step towards reality that can be made in a toy engine is to 
add cylinders, and give motion to the piston-rods. Betaining the parts 
illustrated m the previous figrure (Fig. 39), we must place two turned 
cylinders on the outside of the boiler, and, for the sake of simplicity 
and ease in manufacture, they should be made on the oscillating prin- 
o^le, which will prevent the necessity of connecting rods and groides. 
An oscillating (^linder is pivoted on a pin at one end, or in the middle, 
80 that it can rock up and down on this pin, and accommodate itseU to 
the motion of the crank to which its piston-rod is attached. This rod 
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in the wooden model will be simply of wire, and no piston will be 
ftttadhed to it— the oylindera, in enoh oaee, not requiring to be bored, 
ezoept with % small hole to allow free movement of the wire. 

Fig. 40 represents the complete engine, to which a few additional parts 
have been added besides the oylinder. B is an imitation safety Talve ; 
C, the starting lever ; D, the reversing lever ; E, gange cooks. The wheels 
are also linked together by side or coupling rods (F) giving another 
sonrce of motion, because the more visible the movement of its 
parts the more like a real engine will the toy be. In Fig. 41, p. 97, the 
oylinder is represented by A. Tt is about liin. long by fin. diameter, 
but may be larger or smaller, according to the size of the complete 
model. At one end is an imitation gland or stuffing box, through 
the centre of which the piston-rod moves. These cylinders, being solid, 
are ea^y to turn. Put a bit of deal or beech of suitable size on a prong 
chuck, and use the back centre to keep it in place. Place the rest nearly 
dose — ^the top of the T a little below the line of centres — trough down 
with the gouge, and finish with the chisel, producing in the first place 
merely a plain smooth oylinder. Then turn down the small part 
to imitate the gland, making it on the right-hand end of the cylinder 
next fco the back poppet. Turn it down merely to a smaller size in the 
first place, using the chisel to face up the end nicely. Then out out a 
notch, and with the chisel angle work it right and left to widen it, 
finishing with a very narrow chisel or parting tool, and smoothing with 
a bit of glass cloth folded sharply, or with a small file. Lastly, cut it 
ofP at the chuck end. To do this neatly use the sharp angle of the 
chisel, and cut a deep notch. Continue to widen this, keeping the 
cylinder end upright and true as you deepen the out, and sloping the 
other to give you plenty of room to work the chisel. 

It is as well in all cases like this, where you have to make two things 
alike and of equal size, to turn them tog^ether out of the same piece. In 
the present instance, if the original piece of stuff is made long enough to 
produce both cylinders with a half inch, or thereabouUi, to spare, you may 
make glands at each end as much alike as possible, and then divide the 
piece exactly in the centre, forming at this division the ends of the two 
cylinders instead of one only, working as before directed. Then, while 
enough substance remains to prevent the parts breaking asunder, finish 
the oylinder ends with sandpaper, and then give the coup de grdee, 
cutting off where necessary, but taking care to work down all the three 
parts ready for the final severance, t.e., the stuffing boxes and the 
oylinder bottoms. The right-hand gland may be worked close to the 
point of the back poppet, as the mark made by this point will be just 
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e tb« hdla nut be difllad. The two pUoei of mtbzuim will then 
lem^n, Hid Uttie difiaaltr wilt be found if oaza li taktti. In B «f 




41 ia rej^eMBtad the two orltndaia in prooNi of oonitnolion, 
ring how Qiaj ue to be worked limnltfUMcnul;, 1, 3, 3, 4 fUutniting 
I in MTOial atagea. The glaaa g«i(e (C) If alao added, a»j be made 
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▼ery easily of one of the small bits of qnill tubing sold by dhemists, 
or a bit of quill from the wing of a goose may be used as a substitute, 
and will do as well. Turn two little pieces of wood to aot as sockets, and 
imitate the brass taps like D. 

The nozzle (a) and handle (h) are to be made separately, and if the 
latter is filed out of a bit of beech, like e, and a hole drilled through it 
and the turned piece, a wire nail driven through the whole into the 
boiler will secure it, but allow the handle to be turned upon the nail. 
The dotted line shows the position of the end of the boiler. A little 
glue should be put upon the end of e if the handle is to bo thus made to 
move, which wHl prevent this from gradually working loose. The 
glass tube (C) is inserted in a hole drilled in each of these pieces (only 
the lower one and a bit of the tube is shown). This hole need only form 
a hollow recess, as the tube cannot escape or get out of place when onoe 
fixed, and will require no cement to secure it. We must now return to 
the cylinders and their fittings. 

The cylinder is to be attached to a block (F) by means of a small screw, 
the shank of which must move easily thereon, and the head must be 
countersunk, so as not to project in the least. This block is then 
to be glued outside the frame. This wiU allow the cylinder to move 
up and down, but not to come off the frame or board, if the boiler is 
glued to a board only, as previously directed. A frame is not much 
more difficult to make, as the two sides will be glued fast to the boiler, 
and must, therefore, be quite firm, and no strain falls on the end pieces, 
which may be notched in and glued or secured by a brad, while it 
looks better than a mere board. Let the position of the blocks and 
oylinder be such as to bring the wire that is to serve as a piston-rod just 
dear and outside of the wheel. The wheels should now have spokes, 
and may be made as described under carts and waggons of this work. 
The axles should run in neat blocks of mahogany or hard wood glued on 
under the frame. These axles should be of stout steel wire, flattened at 
the ends when red hot and inserted in holes which will barely admit them 
in the nave of the wheel. If a little resin and brickdust is inserted, and 
the wire heated slightly, it will be rendered more secure. If a wooden 
axle is preferred, let it be of some hard wood, and glue the axles on 
tightly. On one of the spokes of the wheel insert a small screw head, 
outwards, as a driving pin on which to centre the piston-rod, which must 
be bent into a loop to fit the screw easily. On the same screw, also, 
centre the side rod — a similar pin, in exactly the same relative position, 
being fixed in a spoke of the second wheel. Neither pin should be more 
than iin. from the centre of the wheel, or the stroke will be too long and 
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the piston-rod will be drawn qnite out of its cylinder, whioh latter moat 
have a central hole drilled almost entirely through it. The side rods 
connecting the wheels, and rising and falling as they revolve, may be of 
flat tin, painted black. This will look better than mere bits of wire, and 
is equally easy to arrange. 

For the lever handles G will represent the one attached to the back of 
the boiler to torn on a centre screw, and H that to imitate the handle of the 
reversing gear. These are placed as shown at I, which is a perspective 
view of this part, representing the back of the engine under the cab or 
windgoard, for the cab is not always nsed to protect the engine driver, 
who then merely has a shield of flat plate in front of him with two 
windows to enable him to keep a look out ahead. The maker can 
therefore take his choice in the construction of this part of the engine, 
and make merely a shield if he thinks it easier to manage. The safely 
valve it is hardly worth while to make with movable parte, but it is no 
difficult tesk. The top flat rod can be cut out of tin and pivoted at one 
end to the short pillar glued to the side of the steam dome, and a little 
weight can be hung on at the other, or what will be more like reality 
instead of the weight, which is only used on stetionary engine boilers, an 
imitetion of the spring balance can be made, consisting of a short piece 
of very small brass tubing, or a bit of brass rod with a loop of wire 
attaching it to the lever, and another to hook into a small steple on the 
side of the steam dome. These, However, almost necessitete the use 
of a little solder to attach the wire loop to the brass rod at ite two ends. 
A wooden imitetion will suffice if covered with gilt paper, and this may 
be also used to cover the steam dome, but it will have to be veiy neatly 
done with narrow strips, smaller at one end than the other. 
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DOLL'S HOUSE AND FUBNITUBB, 

In this chapter I shall begin with house bnilding, and, departing from 
the accepted doll's honse of the day, describe one that can be pnlled 
down and rebuilt at pleasore. 

In Fig. 42, p. 100, is shown an eleyation of the honse complete. The 
whole front is one board or panel, sliding in grooves like the panels of 
the windmill last described, bnt the door may be made to open if 
desired. The bottom of the honse is a deal board, about 18in. long 
by 9]n. wide and iin. thick. To preyent warping, the strips (B, B) of 
beech or ash, are glued across it at each end, or they inft7 he of deal, ^in. 
wide and fin. thick, attached by screws, or glue, or both. Great care must 
be taken to make this bottom truly square, and also to plane it nicely on 
both sides. The piece seen at D, forming a door step, may also be a 
strip so glued on, but made to project iin., or it may be merely a short 
piece. The sole object is to get a good firm foundation that will keep its 
shape, and not warp and twist ; but the two strips (B, B) also give more 
^fildent support to the comer pillars by allowing a deeper hole for the 
lower pins to rest in. Let these pillars be of ^in. stuff, and 15in. long, 
^zblusiye of the pins. This will allow of an upper room or bedroom, 
'Which, like the lower, will be 7in. high, the floor of the bedroom being 
l>ut iin. or fin. thick. This floor must slide into cross notches in the 
&ont pillam, and rest on two strips glued on inside the boards forming 
the ends of the house. 

In ilg. 43, p. 101, F is the floor, H, H the strips, of which, of course, 

-the end only is seen. This flgure represents the doll' s house open, the front 

l>eing supposed to have been slid up out of its grooves, as will generally 

\» the case while the toy is in use. A, B are the front pUlars, which are 

shown in section at G, and K is one of them shown in perspective ; M, M 

are those at the back, the others crossing them, and concealed by the roof, 

h2 
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being (»■ in tlw mill) ths top home, half lapped at tha oomns, to malge 
it level on Uie top. The bottom board ehonld project & litUs all round, 
Mjr, iin., wbioh will give 17in. aa the longth of the rooms inside. Thia 
doU'B lion«e will take (nniitnre large anongh to be Btroog and dniable, 
but die ii, ol oonrae, of no importanoe if the proportion of the 
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different parti be attended to HnfB(Hentl7 to give it a nioe appeonuioe. 
Bnt if it be made very email the loonu will not admit tha ineertion of 
eren children'! handa with the freedom neoeeaar; to allow them to more 
i^boat the dall« and their fornitnts. The direotionB given in the deeorip- 
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tion of tli« wmdmill oncht to mffioa to atke qmt« olear tiie method rf 
fnunlng and fitting the doll ■ house The Four ude poets »ie oapptd 
nth othen forming » top fruna and the front and udea alids in like 
panels The root is made with two gable ends (see Fig 44 p 102) His 
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FiQ. 43.— Ibtibiob or Doll's House. 

«idth of span aUorring it to project and overhang the front Mid bftok of 
the honse to form eavei, which prereDt it also from fnlliiig off, bnt thii 
utj he further checked by onttiiig the teiBognlar pieces which form the 
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ottda, M «t B, frith ft pin or pini projMtiag below to flt into hoUa in tlw 
OKWl or tie beam below it. TVlieiL in nee the Kxd ii flnt remoTed, then 
the top front tie betun. The [root puial ii then slid ont, the oroii beun 
mnd roof repUoed, holding the now open honie flTml7 tog«ther. It ia 
■tillened tlso to aome extent b; the floor or horixontol paitition, whieh, 
obBerre, mutt be narrow anoii^ to elide in m ba as to allow the front to 
■lip in before It. Iti chief anppoit will, of oonne, be the lide gtripi oa 
iriliah it leite, as it onn only ooanjfj a vei; Bmall part of the horiiontal 
gioore in the &ont npright. 

It will be laen from Tig. i2 tiiat the front of the home is marked ont 
in psneli. The tnuning is » sbam, ooniirting of thin etripe glned on and 
neatly fitted at the jnnotioiu. Theie oan be mads gay witii bright 
oolonra like 8wl«i oottageg, or the paneb mode of deal, and the framing 
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of mahogany. Thaj ghonld projeot above the general lerel, bat not 
quite so far aa the oomec posts. Strips shonld be plaoed ronnd the 
door, and others, rather thioker, to represent window sills. 

Aa it will add to the amonBinent of the littls builders, it will be well not 
to be content with a men painted roof, bnt to hang on some re|?rsBentft- 
Un tiles. For Uda purpose, after h&Ting made the penthonse and gaUe- 
•ndsd toof, gtne on afarips like 1, 3, 8, 4, of Fig. 4i, at eqnal diatanoee. 
Ea«h board of th« sloping root will be abont lOia. wide, so that if the 
tiles are mads Sin. in length, rounded off like C at the bottom, tiiere 
will be just room to htuig on Are rows. The lower ones ihonld be a little 
limger, so sa to orerhang Qie eaves. Each tow mn*t jnst overUp the one 
bdow it. Erarj dngle tile, made of the thinnest wood proeniable 
(Taoeering material by preference), is to have glned mioss it a littla strip 
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of wood, as shown at C, whioh wiU rest upon the strips glued upon the 
loof ; thns, begiiming at the lowest row forming the eayes, they will be 
hung on one by one till all have been plaoed. The top strip, howeyer, it 
will be notioed, is not at the extreme edge of the roof, so that abore the 
last row of tiles a narrow space will be nnooonpied on both sides of the 
roof. To complete matters, glne together two narrow strips, about iin. 
wide, and as long as the house, to form an angular ridge piece (D) . This 
will form a cap, oorering the upper edge of the last row of tiles, and put 
a neat workmanlike finish to the whole. Paint this and also the tfles a 
bright yennilion. The latter should not exceed an inch in width. If of 
Teneer, they can be easily out out with a penknife, especially if the wood 
be first soaked in water and shaped while wet. The tiles so cut should be 
bound or put in a press to compel them to dry quite fiat. 

Another way of fixing them may here be specified, but it is hardly 
as good — ^riz., to glue on each a short peg or pin of wood, and insert in 
holes made for that purpose in the board beneath. But small pins 
although they would answer with older children who have leamt to be 
careful, are sure to get broken off under the too eager manipulation of 
younger children, who have more difficulty in putting work like this 
together. The strips cannot well be broken off in hanging on the tiles, 
and they will secure them equally well. If the toymaker's patience is 
likely to rebel at having fifty of these tiles to make, he can, of course, 
make them larger and fewer in number. The windows are to be of glass, 
fixed on at the back by glueing strips of stout paper round the edges, 
or a wooden frame to keep it in place. It can then be divided by narrow 
strips of paper into panes, or, as is often done, a piece of coarse net can 
be affixed at the back. There should also be pieces of bright coloured 
silk arranged inside to look like curtains, and in one or two there should 
be a bit of thin calico, white or otherwise, to imitate blinds half drawn 
down. Attention to these apparently trifiing details will give an air of 
reaH^ and a nice finish to the work. 

The chimneys are mere solid blocks, either shaped as shown, or 
with a fiat bit of square board, rather larger than a section of 
the main chimney, glued on at the top. The block is notched out 
below to fit over the angle of the ridge of the roof, as shown in 
the drawings. A wire pin should be inserted to enter a hole in the 
ridge piece and keep the chimneys safe. Nothing will better imitate 
smoke than a tuft of cotton wool, especially if some black or grey 
wool be mixed with the white. If the toymaker be a neat hand with a 
paint brush, the whole house should be got up in red, and the mortar 
lines picked out in white. Window sills to be quite white, and a narrow 
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line of black round the windowa. Steps of the door also white, and 
frame black. In painting toys we mnat not, as we should in a picture, 
aim at gradation of tint and dalioaoy of colour, but use such as contrast 
strongly. The main and cross timbers, however, taking up, as they do, 
a large portion of the front of the house, will look better if coloured a rich 
brown, especially if lined with jet black at the edges. But this lining with 
paint is not very easy work, as it needs a small brush and yery steady 
hand to do it well. In larger work the brush has very long hairs, which 
lie flat on the surface to be painted, and, being filled with tolerably fluid 
colour, the brush is dragged along steadily, leaving, snail-like, its shiny 
track behind it. Lines picked out on carriages are thus drawn. Drag- 
ging a flne brush in this way the toymaker may succeed, but a little 
practice should flrst be made upon waste materials. 

In the construction of furniture for the doll's house even small sprigs 
and brads can hardly be used, and we have to rely upon glue to hol^ the 
pieces together, so that careful attention should be paid to the section 
on this subject, and if the directions are attended to there should be no 
difficulty. For our present work we shall need thin stuff only. The 
bulk of the pieces need be no more than ^in. thick, and ^in. will be the 
thickness of our heaviest stuff. Some will be planed down to iVin., 
which is about the thinnest board we can make use of. But in nothing 
more than in doll's furniture should dumsiness be avoided, and neat 
work requires thin light stuff. 

The intsructions for making the furniture will be conflned to a few of 
the principal articles, as the same character of work prevails throughout, 
and anyone who can construct one or two pieces of furniture can make 
others with little difficulty. As the size of the furniture <to be made 
must so entirely depend upon that of the house and on the number of 
articles proposed to be placed in it, no directions on that point can be 
given. In regard, however, to the framework of these miniature suites, 
there is this difficulty, that one can hardly cut a mortice and tenon in 
very thin material, so must manage to connect the parts in some other 
way. In a good London tool shop a chisel as small as iin. or even ^Mn. 
in the edge could probably be purchased, elsewhere it would be difficult 
to procure one of iin., and this, of course, will decide the size of the 
mortice. Nevertheless, with a drill a still smaller mortice may be 
managed by making two or three holes in a line, and with a penknife 
throwing them all into one. This, however, is hardly necessary, and in 
very small work the better plan is to drill one or two small holes, and use 
bits of pins for nails to hold the parts together while the glue is drying, 
for glue must in all oases be used in addition. 
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To moke a Ubie, pl&ne np lome strips of wood of, 8>r, iin. aqnare, to 
Com lege, and some foi the top frame, tin. thiak o( less, and fin. wide. 
Cat off from thMe foni' broad pieow of eqnol len^, or two iliort and 
two a little longer, if the table ii to be oblong for the dining' room. 
Tike great tmre to aqnwe the aids truly, have glue, boiling hot, oloee 
kt band, and eome fine twine or itrong thread (not ootton). Lay the 
pisoBB in position b> form an oblong frame, and see whether tbey fit 
nioely, then give a tooeh of glne to eaoh, pbtve in position, and Ide 
■eenrely, oi ilip otsc them an indiambbet band. Cnt the lege of the 
requisite length, and when read;, glne eaoh into ita oomer iiuide tha 
frame, whioh will be sasr, it the latter is jost tied or eeonred, and is 
lying on ita edge. The leg* are to stand np in the air, and not to 
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ooonpy thrii nsnal poaition till dry. If other tables are needed make 
these also eo far, as it is always better not to complete a thing of this 
kind ont and ont, and then to begin another, but to oany two or more to 
fba same degree of oomplateiieBB, and then afterwards finish all ti^etbei. 
The t»ble will appear like Fig. 45. 

The only possible diffionlty to be met with at this point is the 
falUng inward of the lega before the glne oan dry. These aocidents 
may generally be prevented by simple means. Cat out two little pieoes 
like B, notohed at the ends, and jnst long enongh to fit from oomer to 
graner inaide the lega and frame. Drop theminat tiie dotted Unea, so 
M to be«r against tbe legs, and they will hold them firmly; bat take 
oue not to main them tight enongh to foroe open the £tama. Leave all to 
dry, and then with a penknife elean off any bits of glne, and, taming 
the table so as to stand upon its legs, see that it bears equally 
on them all and stands perfectly. If not, oorreot with a sharp knife 
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wbere neoesaary. All that remainB will be to make the top— nyval, ob- 
long, or square, as la wished. This mnst be of thin stuff yery 
nioelj ftboed on one side. It is seldom that it is faoed at all on the 
other. The top of an old cigar box provides famons stnif for a table top, 
and can be polished or Tarnished. If plain white wood be need for the 
table top the wood stains now so largely used will avail for the imitation 
of oak, walnut, or mahogany. They should not be used in excess, 
as a light coat generally looks the best. Then with thin glue give a 
ooat of size, and when quite dry varnish with hard white spirit or oak 
varnish ; the first is the better of the two for such small artides. 

To make a chair we have a choice of several plans more or less like 
the realily. These small and light articles are dependent on glue for 
their stability, and need no proper jointing to unite the parts, so that 
we can construct them with tolerable ease of any desired form so long 
as we can tie or pin them together until the glue has time to dry 
thoroughly. By all means get rid of joints wherever possible, which 
is to be done by making the article of few parts, and using a little 
ingenuily in shaping these. In the illustration a chair is shown (Fig. 46, 
p. 107) which is made of four pieces, out like A, the back being formed 
of two more like B. For this a cigar box will serve well. 

If the pieces are out like C, D, so as to have small tenons and 
mortices, these will assist more than would be supposed in holding the 
parts together till dry. E shows the chair thus completely fitted. The 
seat has now to be put on to overlap slightly all round, and upon 
this are to be glued the two pieces which form the back. A top cross 
rail fitting in the notch F, and a second at G, will complete it. The 
ohair thus constructed is shown in the drawing, and if a bit of bright 
red velvet be gummed on the seat H, and the different parts are 
smooth, so as to admit of a coat of varnish, a very neat and 
effective article of doll's furniture will result. If, as is probabloy 
three or four are needed, out out as many pieoes of each shape 
illustrated as are required, pinching them together in a vice and filing 
all together. The chairs will then match each other as they ought 
to do. This is a much better and more workmanlike plan than to 
oonstruct one before commencing the next. Such is one mode of 
ohair making, and, perhaps, the best, inasmuch as the result is not 
only very easily attained, but it is a tolerably strong little toy, more 
so than when framed up out of many small pieces, with each 
leg separately glued in, for these are always the parts which in 
dolls' fnmitnre are unduly weak, and if we can combine these with 
the top frame instead of making them as separate pieces, we shall. 
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■ndonlitBdl; saiii in nspeot of theii stkbililr, Preoii«l7 the nuns 
pUn eta be followed tn making a loh, bnt it thonld b« vtried alitAtlf 
hj v»mg 011I7 « pui of dmilu piaoss fomiiv togetliBr four lag* and 
Boiting these hj longitudinal «tripi. Thli modifloation ma; likewiie be 
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toDowad in obaira it pnfened, vitli but little, if itnj, deteritoftttoa ot 
Ativ ttiengtli. 

Big, 47, p. 108, MpiMenti nioli a «ota, of wMoh tbe enda (A, A) being 
■haped aa ikaim, form both armi and legs, and are oonneoted by the 
teat and the two back null, whiok are notohed into them and glned. 
B ia tau) end of the aeat, and will aaFre to show how Qie latter ia let into 
the «Eida b7 two etiiall tMiona, whioh »dd mnoh to the atabilit]' of the 
wbde artidle. Tlie seat oan, if prafemd, alide Into a graore in each of 
(he end pieoM if these are thick enongh ; and it oan be oorered, like 
ttat ot the ohait, with ailk or Telret, aad (till farther udmilated to 
naU^ hj a etnlBng of wool. Thig I« an ezoellent w^ of making 
Mata of larger aiis tor honaehold nae, and i/i also adapted for abnrob 
Mat*, of whloh tiie ends ehonld be thick oak, nloel; moulded round 
the edga, and in «nob obm onlj one bro»der rail ia nied at the baok. 
Vor Btndy nae theee may be made by the anatenr wiUiont mnoh 
dUBonl^, and the tenona may be oanied tbtoogh, and have wedgrea 
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driTen in on the ontdde of the standards ; thus made they are in a 
manner portable, as it is easy to driye ont the wedges and separate the 
parts into so many fiat pieces. The back should not be so npright as 
that of the doll's sofa, represented here. 
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We now come to an article requiring a great amonnt of care in order to 
attain anything approaching a satisfactory result, viz., a chest of drawers ; 
and after I have described the way to make it, I shall dismiss the sub- 
ject, leaving other pieces of furniture to the ingenuity of the reader 
who wishes to exercise his skill on these matters. Beyond all question 
the chests of drawers sold in the cheaper sets of dolls' furniture are as 
wretched specimens as can be found anywhere, the front of each drawer 
by no means representing the length of that of which it is a part, and no 
attempt at a fit is made. 

The material selected must be thin, or the chest will be clumsy, and 
here again the cigar box will be found to afitord the requisite boards. 
The ends, however, of the cigar box being of thicker stuff, must be 
rejected. At the same time I may call attention to the fact of this thicker 
stuff. In most boxes it will be noticed that it is usual to make the ends 
stouter than the sides which are nailed to it, a better hold for the nails 
being thereby obtained. In the present case, if large enough — say about 
2^in. square by lin. deep — ^we can follow the same plan, as it enables us 
to use much thinner stuff for the top and front than could otherwise be 
managed — say Mi. thick for the two sides, and the remainder Mi., or 
half the thickness. Pieces ^in. can be made to hold small sprigs or bits 
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of dsmDm utd pfau to help tlie j^ns, at any rata nntQ the lattw la dc7. 
Fig. 48 leptMenti tha outer cms of nroua ot moh a ohaat, Siin. high, 
9in. wids, and lin. dMp, inaida maaiara. The aidei are Ain., th« 
lemBindei, iuelnding tim divieitnig between Hie drawen, ion., whioh ia 
the thinneEt shiff Uiat oan well be nied io thla article ; but the bottom 
et each drawer may be itill thinner. Yaneen oan be obtained of all sorti 
of handiome wood aa thin aa card, whioh oan be well aoaked in water. 
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eat with a knife into little pladce while wet, and aonwed in » pieia or 
pnt nndot a heavj weight to dry, when they will be fonnd quite flat and 
It to vae. Being sawn to nniform thiokneBB, they anawei well for work 
of amall ii», and will take a fine poliah after bein^ Bandpapered and 
bnahed with WMk glao ot patent size, and dried. 

Cnt out flrat the enda (B, B) of Arin. Htntt, and take great caie to trao 
tiiani)pwltiiaplane6tachiael,*qn''e*ndBxaot toiliei being apeoiaUy 
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attentive to the edges, which most be at right angles to the sides. Here 
again it will be the best plan to set a plane bottom np on the benoh» 
and taking the wood in hand, reverse the process by moving the wood 
over the sole of the tool, whioh mnst be keen as a rasor and very finely 
set. Now make np yonr mind how many drawers yon are likely to have 
patienoe to make, and prick off with compasses on these side pieces the 
exact places for the several divisions. It is nsnal to make the lower 
drawers rather deeper than the npper, bnt this is of no importance. It 
is, however, of the utmost importance to mark the two pieces exactly 
alike, and then with the help of a square to draw or scribe lines straight 
across both at the points marked. At these lines grooves mnst be made, 
into which the partitions are to slide, and for this a very fine saw or a 
file can be used, a key-warding file or knife edged file being most suit- 
able. Groove both pieces alike, and make all the grooves of equal depth, 
and exactly wide enough to allow the pieces of wood to be used as par- 
titions to slip in. Now get ready the top (A) and bottom (D), cutting 
these larger than the size of the carcase itself, so as to overlap. Plane 
and file them true, and then mark on each in precisely the right place 
where the inner edges of the sides will be. Here draw a decided line 
with a pencil if deal is used, or a soriber if dark wood is selected, 
using a square very carefully to insure exactness. These lines are the 
inside boundaries, and, therefore, you can drill small holes just outside 
them for sprigs or needle points, which in this case will help you, even 
if not driven home, but left partly above the surface, to be subsequently 
removed by pliers. 

Now set on edge one of the sides and the bottom. Hold them in posi- 
tion while you mark with the drill point (or any pointed bit of steel put in 
the drill hole) where the sprig will come in the side piece, and then make 
a small hole at that spot. For all such work an arohimedean drill stock 
is the best to use, and the next best is a bird cage maker's awl, which is 
three-square, like a saw-file, and will not split the thin wood. Hark this, 
and drill all the necessary holes, and then sprig all together just enough 
to hold, and see if all is square and true, fit for glueing. Although the 
top and bottom should overlap in front and at the sides, all may be fiush 
at the back, and this will facilitate putting the parts together in the 
manner described, because all the four pieces can be stood on edge upon 
the table or bench, and thus made to fall into place more easily than if 
the top and bottom were not thus fiush. If all looks right, pull i^art, 
and with boiling glue touch the edges and immediately press together 
again, tapping the sprigs with a light hammer to drive them h<»ne, or, at 
any rate, to make them take a doaer hold. Now, also, set the frame true 
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by » wqpaxB, w that when dry it will be Btnugbt and aoonrate, as it Bhoold 
be. If this is not done the rest of your work will be most diffioolt, and 
the whole affair thoronghly nnsatis£aotory. The partitions between the 
drawers mnst now oocupy attention. It is better to leave these nntil all 
the rest is dry, and while this is taking place they can be ont out in 
readiness. If the work hitherto has been well done, these pieces will be 
exactly alike, but it is not absolutely necessary to work them up together^ 
Care mnst be taken that the ends are square to the sides, and they 
mnst be long enough to fit and slide into the grooves without much 
pressure, yet still with sufficient tightness to show hardly a crack when 
in place. They need not be so wide as the chest is deep, but will be 
better if nearly of that width, as it will provide more efficient surface for 
each drawer to rest upon. Three-quarters the depth of the chest will do 
very well. 

These divisions being put in and glued, and the back made of thin 
stuff, glued on, the carcase should be neatly cleaned off, and sand 
papered, and if of veneer or cedar, can now be polished it desired. But 
the drawers have yet to be made, which in these small chests are merely 
shallow boxes or trays. They demand, however, very special care, or 
they will never work as they ought to do. In a real drawer I may mention 
that the sides always project below the bottom, so that the drawer may 
slide on these two narrow edges, while the bottom is clear and does 
not touch anywhere. Yon can manage this if preferred, though it is of 
httle importance. First cut out the^f rents, fitting them, each singly, into 
the plaoe destined to receive them. The better the fit the nicer wOl the 
chest look when finished, therefore take aU possible care, and mark a 
comer of each drawer front, so that you may make no mistake subse* 
quently as to the position it is to occupy. In cutting out the ends of the 
drawer remember that you must make them short enough to allow the 
front of the drawer to go in quite flush when in its place. Allow, there- 
fore, for this and for the thickness of the back. I need hardly describe 
the precise mode of glueing up a drawer, as it is but a repetition of what 
has already been done, only remember to glue the sides inside the front, 
as it is sketched at K of drawing (Fig. 49, p. 112), and either quite flush 
with it or slightly inside it. The back mnst be flush in any case. Now 
with regard to the bottom we must allow for its thickness in cutting out 
the two ends of the drawer, and these must not be even in that case with 
the lower edge of the drawer front, if the drawer is to rest upon the bottom. 
But if made to rest on the edges of the end pieces as in a real drawer, 
then in that case let these pieces be truly flush with the front. At L is 
represented the comer of a drawer thus made which can be compared 
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with H. Of oonne, as the drawers are of different sizes, each most be 
made quite independently, and each most be oarefolly and separately 
fitted. For handles to the finished drawers, small brass nails will do 
driven half in, bat if a lathe is at hand, th^y can be tamed of box, ivory, 
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or wood. Foar little knobs shoald also be added for legs, thoagh these 
oan be oat in one with the sides if preferred, by hollowing oat slightlj 
the bottom edge of each, so as to leave projections to serve the same 
purpose. 
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CHAPTER XIII. 



TOYS WOBEED BY SAND.— BBINCIFLES OF 

COBTSTBUOTIOBT. 

)^B toys of a higher class than any I have as yet desoribed— those- 

with mechanioal details — metal will be very generally employed, either 

•lone, or in combination with wood. There is, however, one self-acting 

Uxj which is worthy of mention, in which the prime mover is sand falling 

<m the vanes of a wheel from a receptacle placed above it. The Leotarda 

and similar moving figures are thus made, and are of very simple oon- 

stniotion, although the movements of the figure or figures are natural 

and lifelike if the toy be made with care. Prepare, first of all, a box of 

thin board, like those used to contain puzzles, toy bricks, dissected 

maps, and similar articles. Let it be about 9in. or a foot square, and 

lin. to liin. deep ; not less than the latter if a glass is to be fitted in 

over the figure, which is the best plan. If a glass is to be used, the 

bottom of the box, or that part forming the back when it is set on 

end, as it will be eventually, ought to slide in by means of a groove^ 

so that the interior may be got at if at any time the machinery should be 

out of order. The front glass ought also to slide in a groove, and there 

must be in addition a false bottom or partition to which the sides and ends 

may be nailed and glued. A (Fig. 50, p. 114) is a section across the 

box, and B an enlarged perspective view, in which one side is removed 

to show clearly this arrangement. The glass need not stand more than 

-fin. to iin. away from the middle partition. These sliding parts, viz., 

^e glass and back, need not be so fitted, although it will be the best 

"way to make them thus. If considered easier, the glass can be puttied 

^to a neat rebate, and the back nailed or glued on ; but in case of a 

lyreakage or some little defect in the moving parts, it will then be 

Impossible to get at the interior without breaking the back. All 

^Biadhinery should be so constructed that it may be easily taken to pieces 

I 
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for nltii"'lig Qt lepair, and, whsTsrer it ia poBrifale lO to pbm it, flaoli 
indiTtdnal put should bo get-kt-able witbont hknngr to di«>tnttiga tha 
Teat. Ton will find, (or aiample, numy mttolia* now m&da with BUI* 
plftbM to ooTtr each sepkrats wheel, like C, the nppar or under pivot, 
mi the cue may be, oentiemg in thia plate m that euh of tha wlM«la 
oan be taken ont independsnUf of otbeta. In home work of a aiiailar 
kind I wonld anggrait a like expedient, kb aonaidaimhly fkoilitating 
the mannfaotare of all kinds of meohanioal toya. Let anothei mle be 




Bkewiae followed, aa it will ikve many a ftLilnre. Tbink ont a daaiffn 
wen before oommenoing the work, and after daa oonaidoiation make 
diawinge to work by. It this ia not done many a ridionloni blunder 
wUl be made, and when tha work ia, peihapa, half oampleted it will be 
tonnd imposnble to finiah it, gome aimple drawback baTing been orai. 
looked at the ontset. 

We will now return to the toy in band. The boi mada aa direoted will 
have to atand on one end, and, therafore, the end in qnaation alionld 
be made larger than a oroaa aeotion ol tha box, ao aa to form a Brm 
baae. Thia may be monlded ronnd iti edges if it can be managed, if not. 
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nem mind. In Fig. 51, whioh ihowi tlie to7 wmplate, ma idsk irUl b* 
fioiMd of tiM Mot of finiBh niiul]7 given to it. A little bit of fretwork, 
tor inituioB, kt tiia top idda to the height mnd t«kM &w>y tii* boi-Iiks 
look of it, uid if the whole illui be paiatod oi oorered with ornaineiital 
ft/fti it ftdd* gi-Mtl7 to its »pp«snuic«. 
We mnat now get tm insight into &» wotki. The object is to main 




the little catdboud Leotard behind the glsBs go through his aorobatio 
peifoimanoei. This will aerre u Mi «iunple, but many aimilaz fignisa 
Me made— a smith at his aiiTil, a carpenter niing his saw or plane, a 
nobbier leiricg a shoe, or a gronp of fignres may be oontrived, if we 
make out maobine powartnl enongh to give the required motion. Fig. 52 
■hows the interior of the box. It oontaini a wheel ol stiff oardboard. 
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wood, or very fhin tin, as the prime mover. Card is commonly naed* 
and wHl answer very well, being also easy to cut and manipulate. 
Strong gnm wiU be the best eement — I mean strong enough to drop 
nlowly from the brush ; that usually sold is too thin. Buy ilb. and 
make it yourself, which is a far better and much cheaper plan than 
purchasing it ready prepared. 

The first thing to make is the wheel, similar to the driving wheel of a 
watermill, and the bigger it is the more power you will get. First con- 
sider what room you have for it, because on its axle, which will project 
through the front of the case, the arms of the figure are to be fastened. 
This axle must, therefore, be high enough to let the feet of Leotard dear 
the ground, and the lower you can put it, while bearing that necessity in 
mind, the better, as it will give a greater fall to the sand and leave you 
more room for the reservoirs containing it. If the case is made 9in. 
high, 7in. wide, and 2in. deep, which is ample for a single moving figure, 
you can have a wheel 4in. diameter, its axle being Sin. from the bottom 
of the case, which will do very well. You may construct all much 
smaller, but will have more room and easier work if made of the siie 
suggested. The wheel may be made with two round discs inclosing 
the floats between them, or of one only with slits cut into the edge in 
which to insert the floats, but in any case the thing to aim at is a wheel 
that will run lightly and easily. The floats, too, may be mere flat pieces, 
'or so made as to form what in a water-wheel are called buckets, so 
«8 to contain a certain portion of sand. Flat ones generally move the 
figure more quickly and with greater regularity of action, but in this case 
we should rather aim at irregularity, because it will give a more life-like 
appearance to the figure. With buckets the result usually is that the 
figure remains nearly, but not quite, still while the bucket is being filled, 
and then, when it becomes sufficiently heavy to over-balance, the wheel 
moves rather suddenly a little way, and thus it continuea to turn with- a 
eort of hesitating motion, which is imparted to the figure. The latter 
then appears as if trying unsucoessfnlly to turn over its bar, and then, 
by a sudden effort overcoming the difficulty, it makes a quick somersault* 
hesitating again at the next movement. A little variation in the size of 
iihe buckets again will prevent too regular and undeviating motion, 
which is to be avoided. In attempting this care must be taken not to 
«dd more than absolutely necessary to the stiffness of the moving parts. 
These should have plenty of freedom of action without undue looseness, 
•or thoy will fail to work efficientiy. 

In constructing a wheel with two discs. Sin. or 4in. diameter, commenoe 
hj striking out two circles with compasses on a piece of Bristol boaxd. 
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and oat them oat nestlj to the line, taking oare also to presenre the 
oentre marks, which is the plaoe where the axle will oome. If yoa get 
yoor wheel eoeentrio and lop-sided, it will probably refose to rotate, 
and be useless. Make a small hole through the oentres, and run through 
both a bit of wire or small knitting needle, seonring the discs upon 
it by a dab of sealing-wax. Warm the needle for this in the flam» 
of a candle or gas lamp so as to insure the union of the wax with 
the metal, and also to give time to adjust the discs nicely at a dis- 
tance apart of about fin. (if the case is 2in. deep set them at lin. 
apart). This needle will hold the discs steadily while proceeding with 
the buckets or floats. If they are to be flat, cut out ten for a 3in» 
wheel. Let each be lin. long and a little wider than the space between 
the discs, so that each edge can be folded sharply in order to gum them 
to the discs. If iin. is turned up it will do very well. Mark with 
compasses, before the discs are mounted, the place where each float ia 
to come, or take a narrow strip of paper that will just go round the 
wheel, and double it again and again until the required number of 
measurements is got, or just consider the 4in. wheel to be 12in. in cir- 
cumference, or the Sin. wheel 9in., and divide these to suit your con- 
venience, for ten, twelve, or any number of floats can be used, only they 
must not be placed too far apart. Instead of ten put eight, at liin» 
apart, on a Sin. wheel, which will be easier. But here, again, no harm 
will be done by irregularity, so that you need not be absolutely correct 
in dividing the discs. Gum in one end, and dry it, which will take but 
a few seconds. Then put in the one exactly opposite to it, and next 
the two which will subdivide the spaces thus made. These will render 
the wheel stiff and strong, and enable you with greater ease to 
insert the others halfway between these. The floats or buckets need 
not be of stout card, as numbers make up strength. Card a little 
stiffer than the thin post cards, but less stout than the best, will do well' 
enough for the purpose. If thicker stuff is used draw a penknife along 
the lines where the fold is to be made, so as partly to out the cards at 
that point. It will then bend up quite sharply and make a neat joint. 
There should be no difficulty experienced in making such a wheel as- 
described, and it can hardly fail to be satisfactory if the directions are 
followed. 

A similar wheel, with only one disc, may appear easier to make, but is 
hardly so in reality. However, I will describe the way to do it. Cut out 
one disc, then, of stout card, as thick at least as a stout post card, and 
divide it into as many parts as you will have floats. At each of these 
points draw lines to the oentre radial lines, and with a pair of sharp 
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soissors ont slits on these lines all ronnd, in whioh to insert the floats. 
Yon mnst not merely snip the card, but cut oat a little piece at each 
slit so as exactly to admit the floats, and this will need sharp scissors 
and nice cutting. If the slits are the least bit too wide the floats will 
be too loose to be seonred by gnm — if too narrow, the floats will stand 
awry, because the edge of the disc will bend in forcing them into their 
places. 

This work is very simple, as each float has only to be secured by 
strong gum, sealing-waz, or one of the cements, made of isinglass 
dissolyed in acid. There are also liquid glue, office paste, shellac dis- 
solved in methylated spirits, and others, all alike serviceable for such 
work, although probably not more so than good strong gnm. 

I will now describe two bucket wheels, in which instead of floats upon 
whioh a shower of sand is made to impinge, this material is made to flll 
in turn certain receptacles, until by their weight they overbalanse the 
empty ones, and cause the wheel, on the rim of which they are fixed, to 
reTolye. The form of buckets has varied extremely in the case of 
watermiUs, but the ordinary shape now used in overshot wheels is that 
of curved floats fitted between discs of iron. These discs, however, do not 
reach to the axle, as in the cardboard ones described, but form two rims 
only, the rest of the wheel being made up with arms or spokes. Such 
buckets we can readily contrive in cardboard simply by bending the 
floats, as shown in Fig. 53, p. 120, A, B, C, D, in which three different 
forms are given. But in E a very simple plan is suggested, in which 
common pill boxes are the buckets, which can thus be obtained ready 
made. They can be attached by sealing wax to a disc, or between two 
discs, or to the end of arms or spokes, the latter making a very light 
wheel. But in order to facilitate the emptying of each bucket as it gets 
to its lowest position, it will be as well to cut away the little boxes on 
one side, so as to make them slope off like E. There is plenty of choice 
given therefore to the machine maker, and a selection can be made of 
that which appears easiest. 

A light tin wheel offers great facilities to one who can solder, because 
thin tin is as easy to cut as card, and when bent will remain so. The 
least touch of solder, moreover, will secure the parts of such light 
articles as described here. 

The difference between floats and buckets, in regard to power, depends 
on the fact that with the former a good deal of sand is wasted, and 
that only the impetus of the falling column of sand is utilised. But in 
the case of buckets we get this impetus, and, in addition^ the weight of 
the sand that accumulates in each. Either will work the very light 
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silken bands are passed over pnlleys from the main axle to those with 
which the figures are connected. The latter are often replaced by mill 
wheels amid painted scenery, ships sailing, trains moving along a rail- 
way, and other devices. 

In Fig. 52 the whole interior is seen complete. To start the movement 
after it has ceased, owing to the whole of the sand having mn oat, the 
box is slowly tnmed over, by which the sand falls against the sides of 
the box, and is returned to the reservoir, which should be as wide as the 
box is deep so as to insure its catching the whole of the sand when the 
box is inverted. A screen of card or tin as shown is sometimes placed to 
assist this, but if the reservoir fits the whole of the upper part, only a 
little of the sand will escape, being returned to it from the heap which 
it forms on the fioor below the wheel. The reservoir must fit close to the 
box, and be glued to it as shown. 

These sand toys, when neatly finished, are almost too good for a 
nursery ; but they always afford amusement, and are capital presents to 
children who have passed beyond the age of systematic toy breaking. As 
an exercise of ingenuity in the toymaking department, they are exceed- 
ingly satis&ustory objects to work upon, and give plenty of scope for 
elevemess in design and skill in manufacture. They also form an excel- 
lent introduction to mechanical engineering of a more important character, 
standing, as it were, half way between mere ordinary toys and those 
actuated by clockwork, steam, or electricity. 
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CHAPTER XIV. 



CLOCKWOBK TOYS-FBINCIFLES OF 

COBTSTRUCTION. 

As all sand-power toys are of similar constrnotion, I need not de8oribe> 
others of this class, bat proceed to those which depend for their action 
upon dockwork, steam, or electricity. I may here state that clock- 
work toys are not as easy to make as steam-driven ones, although the- 
contrary might have seemed probable, as for watchwork (which is the 
more correct term) certain appliances and a good deal of delicate manipn- 
lation are requisite to insure success. Happily, however, ready means 
exist for getting rid of the necessity for making the actual wheels, 
pinions, and springs required for toys of this description, as we oair 
purchase them ready-made at a cheap rate. In fact, we can get what 
is termed a dock movement or watch movement in any stagfe of com- 
pletion. Mr. Morris Cohen, of Kirkgate, Leeds, who has a factory in 
Germany or Austria, where toys are made in profusion, will, I believe,^ 
supply wheels cut or in the rough, pinions or pinion wire, clockwheela 
singly or in sets, ready for the aspiring amateur to fit together, and tools 
suitable for the work. I mention this because I was for years myself 
ignorant of the fact that such things could be had except by the regular 
makers. 

The brass wheels are cast, or, for eheap clocks, stamped out. The 
pinions, as the small steel wheels into which the brass ones gear in 
watchwork are called, are made by turning away a part of a fluted rod 
of steel known as pinion wire, leaving sufficient of it to form the pinion 
required, so that the remainder, after being thus reduced in the lathe, is 
the arbor or axle. This wire is drawn with the requisite number of 
leaves, as they are termed, as five, six, eight, or other customary 
number, so that, the teeth have not to be separately formed. This take» 
from the work one difficult job which the amateur must have otherwiser 
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tackled, a litiJe light lathe work being all that is necessary so far as 
this portion of watchwork is concerned. Brass wheels are cat, not 
•inglj, for work of this class, but a nnmber together, packed closely 
side by side on one spindle, a small circular saw traversing the lot, and 
thus ontting a notch on them all in succession. The spindle is then- 
rotated by the aid of a dinsien plate, jnst so far as to place the set of' 
wheels in position for the next cnt ; and this action is repeated nntiP 
the whole are finished. Single wheels are frequently cut in an ordinary 
lathe by means of one such small circular saw or cutter of the proper 
section ; and, as the process is easy and tolerably rapid, I will describe 
it. There is (or ought to be) on every lathe pulley a division plate fitted 
with a spring stop or index, as it is called. It is used for all turned 
work requiring to be spaced out, whether for fiuting ornamental 
artides, grooving taps and reamers, wheel cutting, or any similar 
pzooess. In ornamental turning it is a matter of absolute necessiiy. 

The index is a spring with a point at the upper end, which will drop 
into any one of the holes in the division plate, and this being affixed U> 
(or actually itself the face of) the pulley, the latter, with the mandrilt 
and work attached to it, is fixed securely. A cut is then taken with 
a fly cutter (practically a saw with one tooth) or other revolving tool, 
driven by a band from overhead, thus forming (say) a notch between, 
two wheel teeth. The spring is then pulled back by hand and the index 
point dropped into the next hole that is suitable, when the cut is- 
repeated, and one tooth of the wheel thus formed. By a continuation 
of the process the whole number of cogs is completed, their exact form- 
dependinir upon the shape of the spaces left between them — in other 
words, upon the shape of the cutter by which they have been made. Fig. 
54, p. 124, will, perhaps, render the description of this work clearer to- 
the reader. The main drawing shows all in position. M is the wheel to 
be out ; F, division plate on the mandril ; N, the spring index ; O, the- 
revolving cutter and frame, represented larger at A, where it will be 
observed that the frame is a casting or forging of iron or brass, the 
tail, Q, fitting on the top plate of the slide rest, where it is clamped. 

In this frame are two hardened steel centre screws to carry the- 
upright spindle with its driving pulley, a, and saw, c. This saw 
is attached by a washer and nut as usual ; h h are fair leaders or 
pulleys to carry the cord from overhead, this cord arising from the larg»^ 
fly wheel of the lathe. Of course, as the mandril is not to revolve, 
the ordinary cord is taken off and a long one substituted. I have repre- 
sented the cutter ftame in its profile, but in actual use it would be 
brought round in front, the tail facing the workman. The shape of the- 
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with % file to ronnd them off or give them the trae epioyoloidal f onn. 
The cutter should, therefore, be ao shaped at the edge bj the tnmiiig 
tool as to make at onoe the properly shaped teeth, or the latter, after 
liaring been out with parallel sides, must be finished by a second cutter. 

Clockwork for toys has, generally speaking, toothed wheels of an 
exceedingly rongh, unfinished character, and it is put together, I 
suppose, so that it is certain not to last very long. But, as it generally 
works well for a day or two, the toy -making amateur may have a good 
hope that by the exercise of a little care he will succeed in making- 
clockwork that will not absolutely refuse to go when wound up, 
and that with a little practice he may attain sufficient skill to make it 
far better than that usually sold with the cheaper class of toys. These- 
rery common watch movements, such as are embowelled in toy mice 
and other beasts of the kind, are not purchasable in England, literally 
because no Englishman would do work so paltry — it could not be sold at 
a price to make it pay. Probably it is done in Qermany by children in 
their own homes, and with no proper tools or machines for wheel cutting. 
It is true that wooden clocks haye been made with a pocket knife and 
file, and you may at a pinch out teeth out very fairly in thin metal 
with a slitting file ; but unless a lathe can be commanded, fitted as 
described, the better way is to spend a shilling or two in obtaining brass 
wheels ready made. 

The actual going parts of watchwork are few and simple. Two side 
plates, separated by short pillars of brass, in which to place the arbors 
of the several wheels, is all the case required to contain the movement. 
The works consist of a spring coiled within a barrel, or very often wound 
otn the arbor of the grreat or driving wheel without any barrel at all. A 
pinion driven by this first wheel, on the arbor of which is a second wheel 
gearing into a short endless screw upon the arbor of a fan wheel or fly, 
and you have all. The axle of the eng^e wheels or other axle to be set in 
motion is either that of the great wheel or first wheel of the train, or, if 
it requires to be driven at a high speed, it carries a pinion gearing with 
the great wheel. 

In planning clockwork of the kind required, the relative speed of the 
▼ttrious wheels is unimportant, and the sizes of them will depend gene- 
rally upon the space at disposal. As to the number of wheels, always aim 
at having as few as possible, because friction is the great obstacle to be 
contended with, and the more working parts in a machine the more 
friction there must of necessity be. I have seen a drawing of a clock- 
work boat with just twice as many pinions and wheels as were needed 
— I suppose, in order to look complicated. Let simplicity of construction 
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he the mle, and » failure will be the exception. First draw on paper 
or thin eard with oompaBses what a watohmaker calk the calibre or 
caliber, «.«., the plan of the wheels. These need not be drawn with 
teeth, bnt merely as cirdes, like Fig. 58. Draw thes^, which repre- 
sent wheels and pinions, of fall size, and so that they oyerlap as far 

as yon think wonld allow the 
CaliSeT* teeth to gear together. Be 

on your guard against sear- 
ing the wheels too deeply. 
The watchmakers use a 
special gauge for testing the 
wheels, side by side, before 
drilling holes for the piyots. 
Thns yon also find the exact 
places, viz., the centres of 
circles in which holes wonld 
be drilled for the arbors. 
Then take yoor pieces of flat 
brass plate intended to form 
the sides or case of the 
works, and, laying the paper 
npon it, prick, with a sharp 
punch, all the centres re- 
quired. Yon need not do 
this on both plates, because 
you can pinch them in a yice 
together and drill them as one. You must at the same time also mark 
exactly where the little pillars will come, a, h, c, d — ^three or four — ^to 
keep the plates the right distance apart. If all the holes are accurately 
-drilled it will saye you an immense amount of subsequent labour and 
•disappointment. 

Now fit the plates together by means of the pillars. These may be 
turned or filed up, which latter will do for small work of the kind sug- 
gested. Take great care to make them exactly of equal length, with 
shoulders square and true, and with rounded tenons to fit the holes 
drilled, which will of course be much larger than those for the arbors 
of the wheels. I may mention here the use of broaches for enlarging 
such holes. They are of steel wire, with generally five flats flled on 
them, to give cutting edges, which, blunt as they are, suffice for brass. 
They are called pivot broaches, and can be obtained at Cohen's for 2s. 
— a dozen in the set — and a handle with a dip, at 6d., to hold any sise. 




Fie. 55k— Calibsr, or Plav of thx Whxels. 



CLOCKWOBK TOTS. — ^PBINOIPLVS 0? CONSTBUCTIOV. 127 

Here, again, is an instanoe of the oheapneBS of German tools; and 
iiaTing bought and naed them, I oan state that an amateur needs no 
better. Drills, again, for this work may be actually had with box and 
steel stock in a box, at 7s. 6d. for a set of 126, or for models, forty- 
height, with drill stock, at 58. 6d., varying from Ain. to iin. 

The holeSf then, having been drilled and broached, and the pillars 
fitted, the wheels and pinions demand our attention. I have, however, 
presupposed the side plates of sheet brass to have been filed quite flat and 
true, on the inside, at least. Being, probably, no larger than those of a 
"watoh, this need not be considered a very difficult job. It should, never- 
ihelees, be done carefully, so as to get all parts of the plates of equal 
thickness. The best way is to turn them upon a face plate of wood, 
4Btioking them on for the purpose with turner's cement, but filing will do 
almost as well for our present purpose. You can fix a bit of brass for 
filing upon a block of wood by means of cement, and hold the wood in a 
vice, or secure it by driving tacks in all round the edge, keeping their 
heads just below the surface. Such small plates, indeed, present no 
•diffioulty in this respect. With lathe and slide rest all is absolutely easy 
to a turner, who will level a pair of such plates in a few minutes. I 
have supposed the wheels to be purchased with teeth cut and centre hole 
^billed to fit on the arbor, which has now to be turned from a length of 
pinion wire. Now, even for this job filing may answer, but a small 
lathe is the proper tool to use — a watchmaker's " turn " being that used 
1^ the trade. If, however, you inspect a bit of clockwork out of an 
automaton mouse, you will see that the lathe is not absolutely indis- 
pensable, for a number of such arbors are made by holding a bit of 
wire in a hand vice or pin tongs, and rounding it at the ends by a file 
upon a filing block, which is a bit of boxwood held in a vice with a 
gtooYB or two filed in the surface in which to lay the wire. For an 
arbor an inch long the best way to turn it is to grip one end in a self- 
eentreing drill chuck, and to bring against the other, previously filed 
to a conical point, a hollow lathe centre in the back poppit, %.e., a centre 
with a shallow conical hole, instead of a projecting point. 

This will efficiently hold and support the work, enabling the arbor to 
be turned to fit the hole in the wheel in which it is to be fitted ; but for 
the still more important part of it — the pivot — which is to turn in the 
brass plate, there is needed some equivalent to a pivot centre, as used in 
a watchmaker* s turn. This little lathe it will, perhaps, b9 advisable at 
once to describe, as it will enable the matter in question to be better 
imderstood, and for very small work no tool is, perhaps, so thoroughly 
well suited. 
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The watchmaker's tnmbenoh, or ''tnm," as it is nsnallj called, 
eonsistB of a flat bar of steel, to be held in the yioe at one end. Upon 
this are fitted two small poppits, with damping screws underneath, to fix 
them at any required distance apart. There is no mandril, bnt the 
upper part of each poppit is drilled throngh horizontally to receive what 
are called centres, or piyot centres — 1.«., plain steel bars with either 
points or hollow centres or fiat ends. Any of these can be nsed and 
fixed by thnmbsorews. If two pointed ones are used, the points will 
exactly meet, like the points or centres of any other lathe. It is, in 
fact, a lathe without a mandril and pulley, and the work is mounted 
between centres and carries its own pulley, which is always actuated, like 
a drill, with a bow. There is, of course, a small handrest, and the 
grayer is held in the right hand, while the work is rotated to and fro by 
means of the bow held in the left. All the finest watchwork is turned 
thus. 

Now, it is plain that if we take a bit of iron or steel rod, drill 
centres at each end, fix on a brass pulley, and drive it with a drill bow, 
we can turn down either or both ends to form pivots, and also true up the 
middle part of it as we may wish, but still we cannot finish it quite up 
to the centres. To provide for this the pivot centre is substituted for 
one of the joints of the lathe. Suppose, instead of having a point, this 
centre is accurately drilled with a hole just larg^ enough to admit the 
pivot thus far turned, and that a fiat is now filed on one side until it 
fairly cuts into this central hole, we shall now see the pivot revolving in 
it, and can hold a file down upon it so as to cut it. This is a pivot 
oentre, enabling the whole pivot to be seen and finished first with a file, 
and subsequently with a bit of oilstone or with a fiat steel tool with 
oilstone powder. These pivot centres are sold in sets of six or eight, 
each drilled out to a different size — some left thus, some filed out as 
specified, but not quite to the end, leaving a little perforated disc, which 
is practically like one hole of a miniature cone plate or boring collar, 
but each one so planned as to enable all kinds of pivots and small 
work to be held and turned. The verge pivot of a small watch is as 
fine as a hair, but it must be turned, %led and polished, to say 
nothing of being hardened. All this is done with perfection of skilled 
labour in first-class work, but in ordinary watches there is no attempt 
at hard pivots, and the smooth and dead smooth pivot files are alone 
used, all further polish being omitted. The file will quite suffice for 
our present purpose, and the pivot centres and turn bench can be 
done without if a little discretion is used ; but it was necessary to 
describe the mode of actual work followed in order to make clear 
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what is meant by finishing piyots in work of this kind. We evidently 
need irhat is practically a filing block only, if we bold one end of the- 
work in a jaw chnck ; or a boring collar if we centre it only and driye 
with a carrier; bnt this is not proposed, because a drill chuck is bo- 
effioient for small work of this class. When, therefore, the piyot is sa 
far turned as only to need a litUe finishing and rounding off at the end, 
we can remore the back poppit, and let the piyot lie in a grooye filed in 
the top of a bit of boxwood made with a tail to fit in the socket of a hand 
rest, thus forming a grooved filing block suited to lathe work instead 
of vice work. This will be ample support to such a small bit of metal, 
which can, in fact, be finished almost without any support at all, as the 
chuck will hold it quite stiffly. Still, such a filing block should certainly 
be made for this special purpose, and this method followed in tomiag- 
all piyots of clockwork for models. 

The usual method of fixing a brass wheel to its arbor is as follows : A 
short tube of brass is driven on the arbor first of all, and brazed or 
soldered to it securely. This is next turned down to fit very truly the- 
centre hole of the wheel, a shoulder being formed on which to rest it.. 
The tube is left to project a little only, above the surface of the wheel, 
which with the arbor is then removed from the lathe to a riveting stake 
held in the vice. 

This stake is a block of steel with a central hole to receive the arbor,, 
while the central part of the wheel rests firmly upon it. A hollow punch 
— %.€,, a punch that will, like the block, allow the pivot and arbor to pass 
up its centre, is now brought down upon the projecting bit of brass tube- 
that was left for the purpose, and a few blows of a hammer turns this 
down to form a rivet head, pressing upon the wheel centre, thereby 
seoaring it to the arbor. An easier method that can be used, if no such 
•take and punch are at hand, is to fit the wheel as before, and then solder 
it to the bit of tube, called by watchmakers a collet. For still larger 
work, as in making a clock, a bit of screw can be cut on the collet or on 
the arbor,. and a nut and washer made to secure the wheel, but riveting 
is the orthodox plan in such work ; and in such very small articles aa 
watdi wheels it is doubtless the easiest and quickest, as well as the best» 
It the wheels are so ordered they can be had ready mounted, leaving only 
the pivots to be turned and finished to the required leng^, the cost is 
very trifling. 

We may now consider that we can cut or procure any sized brass wheel,, 
and can mount it on pinion wire turned away to form a plain spindle or 
arbor, except where a little bit has been purposely left to form a pinion tc 
gear into the next brass wheel. This pinion, it is plain, can be left 
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fltMidiiig ftt any part of the arbor. Sometimes it is required to be dose to 
the brass wheel, and at other times at the opposite end of the arbor, 
bnt seldom in the middle of it. 

The next part to be considered is the driving power, always a ooiled 
spring in this class of model. There are two methods in nse, that used 
in l«>»gli«>» fusee clocks and watches, and that in Swiss, French, and 
common American ones, in which the fnsee and chain, or cord, are 
omitted. In the first, which is the best, but seldom used for models, the 
spring is inclosed in a small brass barrel or cylinder, one end being fixed 
to the barrel and the other to the arbor which passes through it, bnt 
which in this case does not itself revolve. The chain, of which one end is 
attached to the barrel on its outside by a small hook, passes from it to 
the fnsee, which is of a conical shape with a spiral groove cut upon it, on 
which the chain is coiled as the watch is wound. No toothed wheel is 
attached to the barrel containing the spring, but as the latter in its 
endeavour to uncoil causes this barrel to rotate upon (not with) its axle or 
arbor, it draws off the chain from the fusee, coiling it instead upon its 
own surface, and a wheel fixed to the latter gives motion to the train. 
The fusee is conical, in order to equalise the power of the coiled spring. 
When fully wound, it of course exercises more force, but this is 
expended first of all at the small end of the conical fusee, where the 
leverage is slight, and as the spring gets gradually weaker as it 
uncoils, the chain is drawn from larger and larger parts of the fusee, 
whereby the leverage is slowly and regularly increased. This is a very 
ingenious and practically perfect way of using the power of a coiled 
spring, which, however, in no case equals for regularity of action a 
weight and cord. 

French and German clocks, as a rule, do not contain the conical fusee, 
and, consequently, their rate is not isochronous. At the same time, 
they may give average time correctly, — that is to say, if, when the 
spring is first wound, the rate is too fast, and when nearly unwound 
the rate is too slow, the one error may just counteract the other, so that 
a sufficientiy correct mean time may be given for practical purposes. 
As might be expected, there is no fusee in clockwork toys, the driving 
wheel being on the arbor of the barrel containing the spring, or, at 
any rate, on such arbor if there is no barrel. A click wheel and ratchet 
always intervene between the driving wheel and its arbor when a fusee 
is used, the wheel being itself loose upon the arbor, but carrying on its 
face the click by which, therefore, the driving wheel is practically fixed, 
and compelled to revolve with its arbor, except during the act of wind- 
ing. This is shown in A and B of Fig. 56. A spring keeps the dick 
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in the notches of its wheel. When, however, no faaee is used, this 
ratchet arrangement is disposed in a different manner, and is not then 
interposed between the barrel and driving wheel, the latter being fixed 
to its barrel and forming one end of it. In this case the arbor passes 
qnite through the barrel, taming in its top and bottom plates smoothly, 
so that dnring the act of winding the barrel does not reyolve; but 
-one end of the spring being attached to it, and the other end attached 
to the arbor, the latter, as it is tamed by the key, winds the spring 
tightly aboat it, giving it, of coarse, a tendenpy to nncoil, in which 
case the barrel is compelled to revolve with it. When thaa made, 
the end of the arbor, after passing throogh the front or back of the 
dock, is squared, and carries the dick wheel, while the ratchet or pawl is 
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attached to the plate of the clock. This is illastrated at C and D of 
Fig. 56. In a great many toys no ratchet is osed at all. The spring 
has its inner end fixed to a sqnared part of its arbor by simply pinching 
it tightly on with pliers (only it never is tight, bat soon slips), while 
the other end is attached to some part of the case containing the 
wheels — generally one of the pillars — and to prevent it from oncoiling 
instantly, one of the ontside wheels is held, or the key itself holds it, 
daring the act of windings by being pat between the spokes. Toy 
engines, gigs, mice, &o., are all so made, thns doing away with the 
extra cost of a click wheel and ratchet. 

We mast now consider the means of regulating the pace at which the 
watchwork will ran down after winding, and for this in all toys a fan 
fly is ased, as also in the striking part of a clock, and likewise in 
mnsioal boxes and most other machines of the kind, where it is only 
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ISS Tonuzna xn a 

nqnired to ntaid the lata tX vhidi tiia wlieali wonld mrolTe withoat 
Buy ipMul Bttsntion btang paid to make tluin do lO in » giTen periix) 
and Bt an nnTixyiag (peed. In His olook the pendnlmn or the mtoh 
•Mifiement, oaJled a balanoe, is alwafs raqiuBite, their morementB being 
iMMhronooi. Tho fljwlieel oi bu is {terfavtlf eatisfaotorj in other oaees, 
and thig idmpte eiiMdi«nt tUao givM a rei; Mgnlw motiaai, iJiough not 
anffioientlf n tta a timekaepei. 
^e fan ia made thai (tae letten A and B, Fig. 57) : A apindle, 
or arbor, at thaae amaU one* ara oallsd, 
haa an endleu kubw ant upon it at some 
part of ita length, i.e., enoh a aorew aa 
wonld be formed (and ia aometimes aa 
formed) by a pieoe of wire ooiled a tew 
timea abont it in a ooarw or open apii^ 
Thia geaiB with the teeth in a wheel of 
whioh the arbor ia, of oonrse, at right 
anglea to the aorew or apirKl, ao that by 
Uie tOT^ntlOD of the wheel the latter ia 
made to revolre. The teeth of the wheel 
In any machine of importanoe wonld be 
_ „ apeoially ont of enoh form u to gear yery 

truly with theae aotew threada ; they 
wonld, therefore, be ont alanting at the rake of the thread of the apiial. 
For toya thla rahe U seldom cooeidered, or, at moat, the teeth of the 
iriuel are slightly skewed. On the aame aibor ia a flat piaoe of thin 
tsaaa foRniug a pair of winga which, aa tkey rerolve, are oppoaed by 
the reaistanoe of the air, and thna retard the motion of the train of 
whaela. Tho fan ia not, however, firmly fixed to its arbor, bat is made 
wHh a bit of tnbing soldered aeiasa ila oentre, irtiiah fits orer tiia arbor 
■omewhat looaely, bat ia made, by meana of a flat apring, generally 
tormed by slitting the biatw, to embraoa it anffioiently to rerolre with 
it j bnt on the andden stoppage of the wheel train the tan reroWes 
a few timea npon ita apindle, so that all shock is oomplet«lj a-roided. 

In snob toya aa oloehwoilc oarriagea no fan or other cegnlatoi Ib 
reqnired, beoanse the Motion of the moiing toy upon the floor or tabl» 
is a retaiding foroe whioh pierenta the train &om ranning down end- 
denly, and not seldom prorea sofaoient to stop it altoKether j bnt fta 
working antomata of a dilercmt kind from these looomotiTe tc^a it ia 
generally advantageons to aae some aaoh regnlatoi aa the fan to 
eqoalise the motion of the olookwork, which wonld otberwiaa ran down 
too fasL The pendnlnm or Tibrating balanoe and eaoapement are, as 
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ft rule, not mitable, eiaept for olook and ir»tah moTNuenta nuh aa 
oan hordl; b« olMisd luaong 

Wh»teT«rthe toy thiu driTen, 

the train or morement will oon- 

•iat of the Bpring, weight and 

cord, or othei driving power, 

tiM fu> witli its «ndleM lanw, 

•nd one or two intermediate 

aibon, with their wheeli and 

pinions, the (on or eeoape wheel 

tieing the qoiokeit of the tnun, 

and the drinng wheel on the 

barrel or f nsee the sloweat. To 

•ome pnt of this train ore fitted, 

BB niay be required, ormukH, or 

OMug, or lerere, bj whioli the 

Torious motkong needed are ob- 
tained, oonneotion being made 

by wiree or eilkBn oords or . . 

stoing. Ctonhs, formed at tlie * ■ 

«tid of an arbor, revolving in 

one dircotion, will f Dmish inter- 
mittent motdoD at regular in- 

(errmli ; oanu, on the oilier 

hand, afford means of inter- 
mittent and irregnle^ motion 
depending on their shape, eepe- 
olally in oonneotion with leren, 
which nenolly oeoompany them> 
By snob means we can readHy 
prodnoe rotary motion from 
rectilineal and viea veni, and 
it ia hMd to Bay what kind at 
morement, regolar or irre- 
gular, cannot be oontiiTed by 
tlie meohanioal oombinationi 
•llnded to. Modem ingenoitT 
ha* broQght meohonigm to very pig. J8.— Darriv 
great perfeetion, not only in 
the prodaotion of snob q)paratna aa ia lued for weaving all kinda of 
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textile hhnoB, or in oonBtraotisg olooks almost perfect as timekeepers, 
but also in fomiehixig snoh manrelloui automata as caricatnre real 
lifing beings in Maekelyne and Cook's wonderful exhibition. 

Some ingenions attempts bays been made to oonstraot toy watches, 
bnt these are not worth speaking of, beoanse in eyeiy case the hands 
most be moyed directly by the key. Toy docks seem equally absurd, for 
another reason — ^namely, that for Is. 6d. or 2s. we can buy real, ones of 
Swiss manufacture, which are tolerably good timekeepers. Hence it 
really seems merely waste of time to construct a toy dock, properly so- 
called — i.e., a clock on which a hand or hands shall be made to trayerse 
a dial through the agency of a train of wheels, but which shall not 
pretend to denote real time. It may of course be done with comparatiye 
ease, as it consists merely of such a train of wheels as is illustrated in 
Fig. 58, p. 183 ; and, if the spring barrel should create a difficulty, a wooden 
barrel for a cord and weight will answer eyery purpose ; and this was, in 
fact, the driving power before the coiled spring was invented. It is by 
far the best driving power, moreover, because it is constent, and does not 
vary, unless the cord makes more than one layer upon ite barrel. Even 
in that case, although it causes increased force whUe the outer coils are in 
process of unwinding, the difference is not so great as when a coiled 
spring is used. If a barrel is adopted with a cord coiled upon it, the- 
ratchet already explained must be inserted, and the driving, or great 
wheel, must not be a fixture in the arbor of the drum. For a toy any 
retarding force can be adopted to check the velocity of the train, but a 
fim fly made of as large a size as possible will prove most efficient. 

The practical difficulty of advancing from toy clocks to real ones lies in 
the necessity of an escapement which must be accurately made in order 
to work at all, and be well finished in every detail to become an accurate 
measurer of time. To explain all these details and the principles on 
which they depend would teke a separate treatise, such as that of Sir 
Edward Beoket Denison, in which all is made clear. I have no intention 
to enter into this, as these chapters are specially devoted to toy making, 
and I have sufficiently laid down the principles on which toys with moving 
parte actuated by clockwork must be made. 



CHAPTER XV. 



CLOCKWOBK LOCOMOTIVES. 

In actual oonstrnotion of, let ns say, a toy locomotive, it is better 
to drive from the axle on which the spring is wound, beoanse, as yon 
get farther from the prime mover, the power diminishes while the speed 
increases. The power becomes weakest at the fly or balance, as being^ 
ftffthest from the driving barrel or fasee. Hence, the axle of the first 
or. great wheel, as it is called, is to be the axle of the main driving^ 
wheels of the engine or carriage. Trne, it is the slowest axle of the 
train, but it will prove fast enough for the purpose, and carry the 
engine across a laige room in a couple of seconds while the spring is 
fully wound. The best way to fix clockwork of this kind is to make 
it indei>endently of the machine it is to drive, only keeping the axle 
of the great wheel long enough to project each way beyond the body of 
the toy— in this case a locomotive. Then chisel out under the boiler 
a recess which will hold the movement, and placing this in position, 
put on a covering of tin, which can be painted like the rest of the 
boiler. No key will be needed, as one of the outside wheels will form 
a much better holdfast for the hand in winding, while the dick may 
be similarly omitted by grasping the opposite wheel and preventing it 
from running back when the winding power is relieved at each turn. 
Putting the key between the spokes can only be done when the wheels 
are upon the axle of the second wheel in the train, which, as explained, 
acts with less power as a driver, although it revolves with greater 
speed. 

The toy maker will not find himself at a standstill if he reads 
carefully what is here written of the principles and details of clockwork ; 
but it may be found that the machine stands still, owing to the too 
deep gearing of the wheels. In directing the formation of a calibre or 
pattern of the train, I have suggested the slight overlapping of the 
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irheda to pnnide tot the intn^lookingf of the teetii when the bolee for the 
aibors M« cItiUed I7 miah pftttent. I montioQed in leferenoe to thli 
that wfttehnuken me a apei^ tool to uaertain eiMtiy tha dittMiM 
apkrt ot any two Krbori, in order to iDaoie the geara working (red; 
together. Thia tool consist* pnotioally of a pair of tntoh tame hinged 
together side by dde, and thai capable of more or leea geparation. One 
wheel ia then nunmted in eaob between oentrea at if they were bi be 
tamed, and are bo plaoed as to gear together. When found to mn 
exactly ag intended, the aorew which clampa the two parta of tha tool at 
any set distance apart i» tightened. The wheela ore then lemored and 
the diatanoe taken between the oentre pi»Dtti and tranafened to the 
oalibre, marka being made with a finely pointed dotting pnnch. One of 
these wheels U then ictnmed to the tool and tested with the next Out 
ia to gear with it, and Uie aame operation is lepeatad with the rest. 

Pcihapa some snoh plan can be managed by wing the ordinaty lathe 
oentoes instead of one tnm, and placing either a real tnm in tha aUde 
rest adjnated tndy panllel to the lathe oentres, or rigging np a sabBti- 
tnte. For the latter a bit 
of boxwood, ont ont like 
Fig. 59, and drilled to take 
bits of knitting needles 
to tonn oentiea, woold 
anfflcs veiy well; and 
other denoes will soggeat 
themaelTes by casting a 
glance ronnd the odds and 
ends of workshop appli. 
•MNS. Of oonlse, if it is propoaed to make more than a few dockwork 
modela, it m^ be worth while to bnj a seoondhand pivoting tool. For 
small work, howerer, of the kind treated, if the ciiclea of the calibre jost 
orerlap, ilie wheela ahonld work together with anfficient tmth fox tha 
pnrpose. Oood watoh tools are rather expensive, bnt they aia to be 
readi]; pieked np in London seoond-hand. Of conna, wheels not monnted 
on their arbors can be set down flat on a pfeoe of paper and arranged as 
to depth of gear, and the oentrea marked throngh the holes made for 
the plTOts ; bnt they are generally monnted when pnrchosed, the piTota 
only of the aibors being left to be tnmed, and, in thia cue, some snoh 
method of finding the position of the pivots haa to be oarried ont. Theae 
are mattera that in all probability wonld not strike anyone who, for 
the Bret time, intended to try his hand at clockwork. He wonld ootmt 
the wheel teeth, get the nnmbera of these and of the pinions ooneot, 
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«iid then to ht« gntpiiae diaooTV that iM'mi in a teg tbont ch'iUlng ttw 
aide plataa (oi the pinloiiB. 

The greater number of olookirork toji, ■nob as looomotiTe engiiiM and 
oarrUcei, an of tin, the olookwoTk }mag fixed by mlder when teqnired, 
but for thoM nnaoqiiamted or unpiaotiaed with the nldermg imn, wood 
is the material to use. To prerent poaululily of miBtake I haTs giTsn 
in Pig, 60 a side -riew of a wooden boiler ont away to admit the wocke. 




A ia tiie ontdde near plate of the n 

BO D, by whioh to Beonre it by n 

driTiug wheels on the Bame axle, one, of oonzu, being on the oppodte 

8ida to that ahown in the illnBtratioii. The morement would be oonoealed 

by a bit <d tin plate before potting on the wheele, bnt is left open to ehow 

ita position in the toy. 

There ia one apparently ttiTial detail of oloekwoik, which is, neTarthe- 
le«B, well worthy of attention, namely, the varying lengths of the wboiB 
«f the wheeU, or rather of their pivote, wMoh run in the side plates. 
Setween the shonlderB ill are to be alike, bnt beyond tJiese the pivoti 
■honld nuige rennlaily. Let tiie great wheel hare the longest, than 
wheel nnmbec two, generally called the oenbe wheel, next the third, nert 
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the fly, if this is driTon with » pinion, and therefore haa an arbor 
parallel to the others, which it may always have if preferred, but if 
driven by an endless screw its arbor wOl stand at right angles to ihe^ 
rest, in collets fixed to receiye it, soldered or screwed to the side plates. 
By thns arranging the lengths of the several arbors clockwork is more 
easily pnt together. The wheels are stood up in one plate, and the- 
other brought into place npon the pillars. The latter can be depressed 
to secure the axle of the gfreat wheel, still leaving the next quite free. 
This is guided into its hole by a pair of small pliers or tweezers, and as 
soon as it is in place the top plate can be pressed down a little more 
to secure it, the next arbor being still free; then this is guided into 
place, and each time the top plate drops a little, securing that last 
arranged in position. Probably, many persons have attempted dock 
cleaning or experienced the difficulty of carrying out the proverb, ** a 
place for everything and everything in its place," for want of knowing in 
what order to set in the wheels. Always look for the one that binds, 
and when that is guided aright search for the next, and thns proceed 
calmly and deliberately through the whole set. 
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CHAPTER XVI. 



CLOCKWOBK MECHANICAL DEVICES. 

PoB any large toy with moying fignree it would be as well to bny the 
movement oomplete, and then to mount upon the axles or pinions of the 
wheels the varions cranks, oams, and connecting wires or silken cords 
which are to be attached to the fignres. I will, however, add here a 
description of a few mechanical devices by which movements of various 
kin^s can be effected. Snch movements may be regolar or irregolar, 
jerky or smooth, and at varying periods or otherwise. They m*y also be 
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Fxe. 61.— Plain Giulhk fob Mxchanxcal Movucsht Tot. 



in any required direction — vertical, horizontal, or angular. In Fig. 61 i» 
the plain crank, either a pin on a revolving disc or a simple short arm on 
the end of the pinion. To this is attached a cord to (let Uc say) the arm 
of a figure carrying a sword (B), the arm being pivoted at P. The crank 
by its revolution will pull this string at regular intervals, and the arm will 
be therefore slowly and steadily raised and lowered. The motion of a. 
erank is not quite regular, but may be considered so. 
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la Fig. 62 tilt siring ii fMtoii«d below to iodm pftvt of thB tnnm at jl« 

and thiS orank if mado tlmplf to tooab or 
•triko it M it nrolrm, thni thortoning fit hj 
bending it ont of the etraight line. There Mef 
be one, two, or three arme to eneh a erank, ee 
that it m*7 etrike the etring more than oaee 
during a aingle reTolntfion of the arbor to 
whioh it if attaehed. Thie will raiee and drop 
the arm of the fignre enddenlf, and if bnt one 
arm i« gi^en to the oranfc, that of th« flgnre 
will remain enepended but a Ferj short time 
during each revolntion. It fie aleo Ofident thai 
we oan put three raeh erank arme near together, 
ae at C, and raiee the arm of the igvM thtee 
fjmee in onSek eneeeeirfon. 
ftaweing fit tiien to remein etfill 
during the remainder of the arbor's revolution. The 
hand of the figure ehould be weighted to make fit fall 
eharplj when released. This is a simple way of making 
ft endtfa strike with his hammer on an anTil, and the 
effect will be greatlf improved if the Iset arm of the 
orank to toooh the string is made moeh the longest. 
The figure will tiieo take two light taps in quiok sue- 
osMfion, and then, raising his hammer higher, will take 
a more powerful one. 

Fig. 63 is the snaO, as it is caUed, probaUj the beet 
of all when it is required to raise anj pert of a pieee of meohanifi, 
as a bar or the end of a lever, and tiben oaose it to drop soddeolj ft feed 

distanoe before being gndaailj nised egainu C to Ihe 
ber to be raised ; its lower end reetiag on ik^ mmSk, 
whieh is supposed to be fixed to the end of one of tihe 
wheel arbors and to reyolye iu the dfireetton of tihe 
arrow. It will riee slowlj a dfietaaoe equal to tibye ndfiae 
^ B, and will then drop euddealj after the poM A 
has been passed. TfaleegainisaperCeetformof mMlMM 
iem toftotnate tibye arm of a figure fittteaded to eMke ft 
sftdd en blow wfitiii a eword or hammer. The drof hem 
Ss abaoteielj inetae t afteo u s ; tihe evre ef dhe nutiiii 
edge of tibe sbmuI Ss a part of aspini, but fit ean be 
Turfied If fimindafitf Ss detiied* a^d sa effeol&ve 
<d mottoB cMsed bj wmkimg dhe anift wfitiii s^pe, Uke F%. M. 
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Mm of > flgnis in tliu oue will b« niaad, then dropped ■ little- 
my, niied higher, and ac«in dropped, ■■ if tkking aim. Mid flnallj 
niaed th« full height and Boddenlj dropped tlie entire diatanoe. Ir- 
ragnlazi^ of motion always adds to the natnralneBB of an antomaton 
Ignn, bManM perfeotly timed morements plainly indicate meohanioal 
■otion. The ontUne, therefore, in thia OMe ihonld not be a perfect 
l^ml, but, aftM being drawn aa snob, it ahonld be made of irregular 
ontUna and the Botohw at nneqnal intemla. FcooeBiioni of flgorei- 
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or noring trains (Fig. 65) are generally managed bj attaohing them. 

to a flat tap* or band paBging over two dnunB, one of which ie let in 

motion by the olookwork. The flgnree ue made to enter the gate of 

a oa«tle oi pau behind a bit of painted uid ont oat Manerr, wMoh 

•onoeala the painful faot that the re«t of their trinmphal ooniM i» 

made with their bead downwarda below the 

■tige. They emerge at another gateway, 

or from behind tome aimilar aareeo, lo aa 

to ^pear again in prooeBUon a< 

itige. Bomatimea one or more hoiiaontal 

platforma are need, to which they are glnsd, 

ud whioh itaell forma part of the stage. 

ThlaisaotDatedbyadriTingbandiBa ahown 

in Fig. 66. • "■ E:;™"™'" 

By placing meli contrivance as the band, 
fig. 6S, vertically inatead of horiaontally, and so arranging the aoenery 
aa to oonoeal the device, Sgnrsa can b« made to Moend hlllg or laddera, 
or to go doum into pita or mioea, and vaiione Manes of fanman laboor 
n^r be fairly represented. Very often a reeiproaating movement ia 
nwdad, anoh >a wonld imitate the action of a man sawing. ThIa can 
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Im muiftged aa before by a erank ; bnt there are otber meUiodB wbiob in 
oertam oaaes prove to be more efltousiouB. Fig. 67 shows a zeTolving 

wheel of one oog, which alter- 
A nately engages a pin or tooih in 

the elongated loop within which 

~"~" it revolves. This loop or link 
has projecting arms sliding in 

Pi«. 67.— BsTOLvnre Whxbi. of Owe Coo. P«>P« snpports, and consequently 

the continnons rotation of the 
wheel in one direction canses a to-and-f ro motion to the link, which can 
be commonioated to the automaton by wires or other connections. 

Another mode of obtaining precisely similar motion is represented in 
Fig. 68, in which a one-cog^ged wheel re- 
volves within a fork-shaped lever, B ; a 
horisontal lever, forming part of the ap- 
paratus, thus assumes an oscillatory 
motion, imparted by two wires, C D. to i^ 
the figure or other article needing such 
motion to be given to it. This, dressed 
up with a head, and D forming arms, 
and the forked part concealed by petti- 
coats, or a man's dress, with an apron 
on, will serve as a figure tolling a bell 

with each hand alternately. Other de- 

, , x_ X J J.V M Fio. 68.— EsvoLvnra On-Coe 

vices may also be so actuated, tne oscil- Whbbl wtthih Fobkbd 

latory beam being, for instance, a seesaw, Lbvbb, for Fiouxk Toll- 

iNO Bbll. 
with small dolls at each end, and a hoUow 

cylinder of pasteboard concealing the secret of its motion, might be 

painted to represent a fallen trunk of a tree, on which the seesaw would 

appear to rest independently. 

I remember in my younger days being exceedingly desirous to possess 

a conjuror dressed as a Turk sitting behind his table. His head turned 

from side to side, his mouth opened and shut as if talking, and in each 

hand was an inverted tin cup. These were alternately lifted, and each 

time displayed something different. It was a large figure, priced at a 

guinea or two, if not more, and I never did attain to its possession, as 

my natural guardians very sensibly declined to waste so much money. 

But to my eyes all was mystery and wonder. The whole affair was, 

nevertheless, a very simply contrived toy. Two cranks connected with 

dock work alternately lifted the arms of the figure. By another the 

lower jaw (whose joint an ample beard sufficed to hide) was actuated. 
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Th* hmi moTsd by limilar dnpU larert and ibrlngg, uid the Tftriona 
■rtiidM to b* leen imdai tha cmpi weie Eimply glned npon ui bdiUbu band 
■adi »B I likT* iketobed In Tig'.GS, p. 141. Bnt there uoie ft neoeinty 
tor kMptac ttb bind itill for a few leoondB jnit after the onpa wei* 
itlMi. I do not remember bow this wai aooompliibed, bnt noiJiiDg' It 
aaatar. Let there be. for Initanoe, at one end at the driving roller ■ oog 
«h«el not Immediately ooniieated with the train or moremeDt, and let it 
be dllren by a alowly revolting^ pinion of one tooth. The liie of thU hai 
only to be inoh that it will shift the wheel whioh it driTei a oertkin 
diitanoe jnit M the onp* are lowered, thna oarrying ont of eight cme 
object and bringing forward another. Jnet ai tMM ii nnder the onpa tiie 
■Ingle oDg will have pMied ont of gear, at whioh moment the OMnk 
Mtion ti reiTilated k a* to raiM the onpi, under whieh the artiale will 
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nmain qnlte still. Then, jnst before the oog oomss again Into action, 
the «Bpa are lowsred, so that Ihe aotnal motion of the band Is not seen. 
^e Tarions arttolea were, I think, in addition, raised above the anrfaoe 
of the table, in whioh were two round holes nnder the onpt. All that ia 
needed for this is a pair of revolving eooeatiioa attached to oog-wheels, 
Mran, as in the preTions oase, by a eingle-toothed pinion to give an 
faitennittent motion. This Is shown In the figure at Fig. 69, one eooentrlo 
(A. or B) being nnder eaoh onp, and thns lifting the band, C C, saoh 
tfaoa with the artiole npon it, and holding It raised until the single tooth 
in Ita rSTtdnldon &gain moTes it, so that the least projecting part is 
tpwarda. The band, C C, oan then mors horisontally and bring the next 
sitidle nnder the enp, at whioh moment the eooentrie is timed to pres* 
span th* nndsT side of the band and lift it np. 



CHAPTER XVII. 



TOYS WOBKED BY 8TEAM.-BBAZINQ AND 

SOLDEBING.. 

Bbfobb adyandng further and treating of toys actuated by iteam, it i» 
absolutely neoesBary to give a chapter on the manipnlation of certain 
▼ery useful tools, without which such models cannot be made. First and 
foremost stands that somewhat primitiye and dnmey, bnt eifectiTe, tool» 
the soldering iron. To watch an adept as he draws this tool along a joints 
leaving a neat and even Une of solder in its path, is generally to gain a 
lesson in practice, fM opposed to theory. Nothing looks easier; bat 
let a novice take np the iron and try, and he will find that he has a good 
deal to learn before he can produce work even tolerably sound and neat. 
The tinman's soldering iron is that which the amateur generally requires, 
for it is a fact that plumbing is not among the trades of this many* 
handed individual, and I do not think I ever saw an amateur attempt it. 
Blacksmith, watchmaker, tinman, engine builder, earver, turner, oar* 
penter, every trade is represented by the amateur, except that of the 
plumber, yet perhaps no 'work is more often called for. I need only 
remark, therefore, in this place that the plumber uses for his work in 
lead an iron of different shape and material, and it ia used much hotter 
than that of a tinman. It is a solid bulk of iron at the end of an S- 
shaped rod forming its handle, whereas a tinman's bit is made of a piece 
of copper inserted in the forked end of an iron rod, which is fixed in a 
wooden handle, and the heat must be always below red. The shape of 
the copper depends on the fancy of the workman. It is generally 
filed to a blunt point, flattened on one side, and the copper and the iron 
shank are in one straight line. But others prefer to place the bit of 
copper at right angles to the shank, and to form it with a double bevil, 
making it a blunt chisel-edged tool. Much depends on the nature of the 
job, and it often happens that for special work the end of the soldering 
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iron most be filed to a freeh form, not a difflonlt or tedioni work by any 
meant. When the oopper ie of the deiired form, it hae to be tinned, 
aad whenever, by having been allowed to beoome red hot, thie tinning 
hae oome off, it mnit at onoe be renewed, an nntinned iron being neeleu, 
beoaoae the solder will not cling to it. 

IHnning if a very simple operation of bat a few minntee. The iron ii 
first heated in a olear flro till nearly red hot, and is then sorowed in the 
Tioe and filed qaite bright. It mnst then at onoe be dipped in powdered 
reein, or for a second in Baker's Soldering Fluid, and immediately 
worked about in solder or rubbed about upon a bit of tin (not tinned 
iron), or rubbed in a shallow oonoavity made in a brick, in which is 
a drop of solder with a little reein. The copper, if not oxydised by 
ezposnro to the air in its heated state, will veiy quickly pick up the 
tin, and a bright dean layer will spread over its face. It is better 
to avoid its attachment on what will be the upper side, and iin. only, 
or lees, need be thus tinned. The soldering fluid is, on the whole, the 
beet medium to use, but rosin will answer, and has one advantage, 
inaamnoh as it does not cool the iron. The fluid is simply muriatic add 
with tine dissolved in it till it will take up no moro. Sometimes a little 
sal ammoniac or borax is added. For sddering sine this fluid is abso- 
lutely necessary. Baker's proparation is sold in stone jars at Is., 
octitaining enough to last the amateur a lifetime, as it may be diluted for 
general use. The object of all these appliances is to provent oxidation 
of the heated surfttces, because, as soon as a film of oxide is formed, 
the solder will not adhero or " take," as it is called. Tallow is used on 
lead for a similar purpose. 

£Nippoeing the soldering iron to be thus in good order, it is heated 

below red, but with this limit— the hotter the better, except under dr- 

oumsteiioee which I will allude to presently, and, after being heated, it is 

wiped dean with an old rag, cotton waste, or a bit of tow, or, very 

generally, the leather apron of the workman. The edges of the proposed 

seam being in position, dther folded or hdd in dose contact, a line of 

poiwdered reein is dusted along it, or a small brush or bit of stick is 

dropped in the sddering fiuid and drawn along the line, just suffident 

being used to damp the surface, and the tinned iron is then touched upon 

the piece of solder, of which it will take up a drop. Thus charged, it 

is Implied to the commencement of the seam, allowed to rest still for 

a moment so as to heat the metal wdl, then dowly drawn along — $lowly 

odnd. When the drop is used up, the iron is again applied to the strip 

of solder, and the operation continued. Sometimes — especially if the 

seam is a long one, and is not f dded— the workman will hdd the strip 

L 
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of solder in his left hand, and, applying the iron, oanee a drop to fall on 
the work here and there to taok it together, and then, oommencing as 
before, he will mn the iron along, whioh will pick np the Mveral taokingB 
as it reaches them, and lay all down evenly as a single thin line of solder, 
without a break. But, in order to make a good job, the work should 
not rest horisontally, but inclined, so that the solder as it melts will 
flow onward naturally. The solder will seem to cling to the iron all the 
while, and will thns be led along and deposited gradually upon the work. 
It will be impossible to make neat work if the iron is too cold to render 
the solder very fluid, and the result will certainly be a thick, clumsy 
seam, with lumps of half -melted solder here and there ; and this will also 
be the case if the work is not held so as to cause the solder to flow 
onwards. With perfectly new dean tin soldering is a very easy matter, 
if these two points are kept in yiew ; but this is not the case with old 
«nd dirty metal, especially if rusty. 

In our toymaking we are not, indeed, supposed to use dirty material, 
but in mending a toy we may chance to encounter such a job, and, 
therefore, must needs speak of it. There may often be a mere pin hole 
in a kettle, that anyone would think the simplest matter in the world to 
repair — just one drop of solder upon the hele— but a workman knows 
better. The solder will go anywhere else, but will obstinately refuse to 
lie over the hole. Soot is greasy, and specially inimical to solder, which 
will not take on a foul surface. But here is one of the cases in which 
you may often succeed with an iron much cooler than usually needed, 
«nd here, too, soldering fluid will beat resin. The surface in any case 
must be scraped dean all round the hole, made bright, and re-tinned by 
rubbing the iron well upon it with a drop of solder, and then, if a look- 
out is kept, it will often happen that just as the iron begins to cool, a 
■drop of solder will draw over the hole to be mended, and complete the 
repair. But unless such hole is very small, the best plan is to cut a little 
bit of tin to fit over it, and having well tinned the vessel all round the 
hole, so as to get a sufficient amount of solder upon it, put a drop on the 
surface also of the patch ; lay it on, and again apply the iron to it, so 
as to heat it. This will melt the solder upon its under surfaoe, and 
•complete the job neatly and thoroughly, far better in fact than by 
merely persuading a drop of solder to stick to it. 

What is usually called tin, is sheet iron coated with that metal, and 
when solder is applied to it at a sufficient heat to melt partially the tin 
upon the surface, this and the solder mn together and make a very sound 
junction. If, however, the soldering iron is not hot enough the union is 
tfar less complete, and a very little rough usage will cause the parts to 
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ceparate. The prooess deioribed, whioh is always used for tin ware, 
is known as soft soldering, in contradistinotion to hard soldering or 
brazing, whioh is applied to iron, copper, and brass, although even with 
these metals the soft solder may be nsed wherever likely to proYS snffi. 
^ent. 

The amatenr is not very often called on to brase — an operation 
needing great heat and great practice— except on a very small scale ; but 
brass he will often find it necessary to solder, and this will not prove 
at all difficult. As I have stated already, soft solder is specially adapted 
for use on surfaces that are coated with tin, and before brass can be 
soldered such coating is to be applied to it. Nothing, however, is easier, 
unless the piece of metal is large, in which case the heat of a soldering 
iron is not sufficient, and the brass must itself be heated over a stove 
or in the fire sufficiently to cause solder to melt when applied to it. To 
tin brass it has to be filed clean and just damped with soldering fluid, 
<or dusted with resin, and then a drop of solder rubbed well upon it 
with a soldering iron. This will very quickly coat it perfectly. When 
once this is done, brass can be soldered as easily as tin, and, in some 
respects, more so. A little bit of tinfoil placed between two such 
tinned pieces will unite them securely if the brass is heated till the foil 
melts. 

Zino is always more difficult to work, but it can be fastened with 
ordinary solder by using the fluid medium, the only fault of whioh is that 
it so quickly cools the iron. The usual fault is that the solder, whether 
for tin or other metal, is nsed in too great abundance. The thinner the 
layer, the stronger the joint, to say nothing of saving solder and making 
a neat joint instead of a dumsy one. 

There are many cases in small work in which it is far more convenient 
to use a blowpipe than a soldering iron, and where such a thing as a 
blowpipe table with bellows can be obtained, even small bracing work 
may be managed, but for this, gas is almost an essential matter, with a 
spedal arrangement of burner for the production of a very high tem- 
perature. The mouth blowpipe alone is much used by gasfitters, who 
have acquired the necessary skill in blowing a steady stream of air, and 
the amateur may do this quite as well after a little practice. The flame 
of the candle or lamp must, however, be directed, as a rule, not upon 
the little bit of solder placed for the purpose, but on the metal to be 
soldered, until this is sufficiently heated not to chill the solder. If the 
latter is brought under the action of the heat flrst it simply melts and 
forms a bubble, which does not lay hold at all, or worse still, it rolls off 

and escapes, I mention this because I have seen the question asked. 

l2 
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whj in blowpipe work the tolder doee Mt in the manner steted ineteed' 
of running into the joint m it ought. 

Copper is not very often required to be lof t loldered, but when it ie, it 
mmj be readily tinned by the help of m1 unmonifto after haying been filed 
bright, and then it can be loldered like the metala of which I hare already 
treated. 

The only reason why a soldering iron need be the top-heayy olnoisy 
form usually met with is that the lump of oopper is required to retain 
its heat suffioiently long to enable work to be executed without such 
oonstant recurrence to the fire. But for small, light metal work, a 
soldering iron may also be light, and filed to a much smaller point or 
edge, so that it can be got into comers and awkward places. In short, 
so long as it terminates in a bit of solid oopper its shi4;>e is of no 
special importance, nor its sise either, and the workman can plan both 
to suit his own convenience. A very dever plan for use where gas is 
procurable is to have the copper at the end of a tube in which is a jet of 
lighted gas playing on the end of the copper termination. The haadle 
is hollow, and attaches by a screw to an indiarubber tube in connection 
with the gas supply. This allows perfect freedom in its use, and the 
iron is. kept steadily at the heat required, a stopcock regulating at 
pleasure the size of the lighted jet within the tube. 

There is a process called ''sweating" together soldered surfaces, which 
makes a good strong joint, bringing the parts into close union and 
uniting them very perfectly. All that is really meant by the term is, 
that the parts to be united, having each been first coated with solder, or 
tinned, are to be well heated and worked together, and then allowed to 
remain till cold, being preferably put under pressure during the process 
of cooling. This is more applicable to brass than tin, which never 
requires to be heated otherwise than by the ordinary soldering iron. 
There are in the process of soldering, as in most mechanical manipuli^ 
tions, little dodges practised to overcome difficulties. If, for instance, in 
drawing along the line of solder it misses a spot here and there, as it 
will sometimes do, the iron must be drawn over that spot again, and 
very often the same break in the solder will occur again and again from 
some slight greasiness, oxidation, or chance dirtiness. If now the iron 
is drawn along as before and the solder blown upon sharply close behind 
the iron it is cooled before the drop has time to run back, and the seam 
is thus left complete and sound. This is just one of those trifling 
matters that hardly appear worth mentioning, yet it may save time 
and trouble. 

Soldering ought not to be allowed to become a dirty qi>«ratlon,. 
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'jet it is 80 fraqaently, the hands becoming fonl Tery qnickly if the 
soldering flnid or resin is allowed to touch them, nor is this dirt easy of 
removal, except by hot water with a good lump of washing soda in it. 
The fluid should always be applied with a small brush — a painter's 
flat brush or hog tool being very convenient — and the resin taken up 
with a slip of tin or dusted on from a box with a hole in the lid and a 
small tin spout soldered into it. A Tery little resin will suffice, and if 
more is used it will but melt and spread beyond the line of solder, 
necessitating its being scraped off, to the detriment of the job, especially 
if of new tin, the surface of which is brilliant, and at once shows any 
-scrape or rub of emery paper. The neat tin work now so general, such 
•at we see in Sardine tins, preserved milk tins, mustard and other cases, 
is of itself a lesson to the amateur, and shows him what is meant by a 
neatly soldered joint. 

Of brasing or hard soldering, used on iron and steel, copper and brass, 
I wUl make a few general notes, because such work may be needed and 
■occasionaUy practised, especially if the amateur has a small portable 
forge, which is a most serviceable addition to the appliances of the work- 
shop, even if forging and welding are not attempted. Any handy 
■amateur can heat his iron or steel, and bend it or flatten it out, or 
•draw it down and point it for making drills and for other purposes, 
after a little practice and instruction at the hands of some friendly black- 
smith ; and brazing, as well as hardening and tempering tools, is an art 
BO very handy as to be well worth a trial. 

The main secret of brazing is to have the surfaces to be u^ited dean 
•and weU fitted, and so placed and secured as not to be liable to separate 
or shift their position. Borax is the flux, and as this swells up on being 
heated until the water it contains has been driven out, it should be flrst 
heated by itself and then powdered and kept for use. The flre must be 
•a clear one of coke or cinders, without soot and smoke, which would 
sully the work and prevent it from becoming coated by the solder. 
Of the latter, called spelter, which is simply a kind of easily fusible 
brass, there are several qualities. In many cases brass wire is used, 
especially for brazing iron, the joint being wrapped with several layers 
of it, which fuse and run together. Sometimes silver solder — silver and 
brass melted and run into strips — is used, and this is especially advisable 
in all flne neat work and for steel. The spelters are, however, in some 
samples, more fusible, to be used with brass, and in others harder, for 
copper or for iron, and these require great heat to fuse them. 

To fasten together the pieces which are to be united by brazing 
^thout which the heat would cause the joint to open, various devices 
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are used, aooording to the nature of the job. Binding with loops of iron 
wire is the nsoal method adopted when brazing thin tubes. Sometimes, 
howeyer, the edges are clipped, and are made to interlap. At other 
times a wall of fireday may be adyantageonsly so bnilt np about the 
joint at to keep it in place ; but this is an expedient more suited to work 
which is brazed by a jet of gas made to play on it — a yery superior 
method, owing to its cleanliness and the speed with which it accomplishes- 
the fusion of the solder. Any of such plans may be adopted for brazing 
those toys that need to be hard soldered, which are not many. The 
boilers of engines ought to be so made ; but for the most part they are 
dependent on soft solder, with perhaps a rivet here and there for 
additional security. 

The actual operation is always the same, whaterer the work may be. 
The parts having been scraped clean, a littie borax mixed into a paste^ 
with water, is smeared upon the joint, and upon this are laid the grains 
of spelter, or a slip of silver solder, except in work which can be 
enveloped in coils of brass wire. Thus prepared, it is held in a pair of 
light tongs a littie above the surface of the coals, and the heat gradually 
raised as may be needed by the steady but gentie use of the bellows. In 
a minute or two the borax will begin to fuse and run, and very soon the- 
solder will also melt and flow into the joint. The work should be gentiy 
tapped, to shake it, to facilitate the flow of the metal, the fusion of 
which is shown by a light blue flame. The moment this appears the 
work must be removed, especially if of brass, or it will itself melt.. 
When cold, the superfluous solder is cleaned off by file and emery paper. 
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CHAPTER XVIII. 



TOYS WOBKED BY 8TEAM.-SIMFLE 
STATIONABY ENGINES. 

Thxse are always to boys Bonrces of grdat delight, because they so 
nearly approach to reality. An engine is something more than a toy, 
size alone deciding on which side of the border land we are to place it. 
A single inch, more or less, in the diameter of an engine cylinder may 
make all the difference between a toy and a nsefnl machine. Engines, 
too, are essentially modem toys, and, like all of a scientific character, 
are calculated to teach the possessor many useful lessons about what 
are now everyday wonders, the secrets of which the present generation 
of boys and girls may easily fathom. Take a boy into an ordinary toy 
shop, and unless he be very young his interest in the treasures which 
are on all sides will not be by any means great; but walk him into 
a shop, like that of Bateman, Stevens, or Lee's, and he will find anew 
excitement indeed if he be a country boy. Engines stationary, engines 
locomotive, traction engines, marine engines, steam ships, sailing boats, 
lathes worked by steam that will go into a doll's house^ steam hammers, 
tools — every scientific toy that can delight the eye and teach the mind 
is to be seen and bought at no high figure. 

The boys of England are indeed indebted to the gentlemen I have 
named in a degree they are not yet old enough to understand. There 
are other similar shops, but these are pre-eminent, because it was here 
that the system originated and developed of supplying not only finished 
toys of this class, but all the separate parts, with necessary tools, to 
enable lads and men to build up engines and machines at home. We can 
buy any single part, or all the parts, finished, half finished, or as rough 
castings, to say nothing of screws, taps, and other tools and appliances 
to facilitate the process of construction, and that, too, as easily in the 
country as in London. 
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Many years ago to set about makixig a model or toy engine was 
a matter of anxions consideration, even for those possessed of a 
lathe and tools. First there was the cylinder. If it was to be cast, 
the pattern had to be made in wood, and few knew exactly how this 
shonld be done. To escape this task, it may have been determined to 
use tnbing of some sort; bat where was it to be obtained? and if 
obtained, there were the ports^ and valve casing, and flanges to be 
attached, and every little screw and nut had to be made at home. The 
boiler offered still greater difficulties ; and then a flywheel had to be got, 
and plummer blocks, and a multitude of etceteras, which ingenuity had 
to supply, but which generally resulted either in a very clumsy model or 
an utter failure. 

How different is the case now ! We can take up a catalogue and 
pick out just what we need to set us going, and of any size — ^from 
the smallest toy to the real useful engine — and making out the Ust, 
and hunting up the moderate capital required, we can have all sent 
down, and certain to be fit for the purpose. Moreover, we can get 
working drawings and directions for the construction of a satisfactory 
machine from these materials. It would be most unwise in the present 
day to try and make up a patchwork engine from odds and ends, unless, 
indeed, it is to be a very small and simple affair, and the materials thus 
chosen really suited to the work. It affords a far better lesson in 
engineering to buy an entire set of parts in the rough, and to shape 
them with lathe and file. Screws and small bolts and nuts may now 
also be purchased beautifully made, and of all sizes ; and small screw 
taps in handles to match the screws are likewise sold, so that no real 
difficulty should occur in fitting together thd several parts of these 
interesting toys. If, in fact, the cylinders are ready turned, the only 
tools absolutely necessary are a vice to screw to the table, a pair of 
pliers, a few small files, Archimedean drill-stock and drills, and a screw 
tap or two, as above mentioned, with screwdriver. If the cylinder and 
flywheel are not already turned the lathe must be added. I may, how- 
ever, recommend one or two taper broaches to enlarge screw holes. 
With these few tools alone a great deal may be done. Mr. Bateman 
has brought out his Eclipse lathe for this special kind of work, and 
although I have spoken already of another by the Britannia Co., I must 
not omit to speak of this one at, I think, ^3 or J63 lOs., as it is a very 
neat little tool indeed. 

Mr. Lee, of Victoria Yard, Broadway, Westminster, who is in a large 
way of business, also makes aU kinds of models and scientific apparatus, 
and supplies them entire or in parts, finished or in the rough. More- 
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orar, Mr. Lm dsinu m » ipaoialitr teiion«d oMtln^ — i.e., ttet oMtfns 
thai n«ed« ta be tnnitd h«g a proJMitiiis tenoB b; whioh it oan b« 
gripped in k die obnok or in k wooden ohaob, thns bunlitetinK gTMttljr 
the operation of turning. Hr. Lee'e wnkll table letbe, with Cyolop'! 
foot motor, or iodependent treadle, aeema also an exeeUmtlj dedgned 
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tool, and ita aoonraoy ia gnuuiteed. Tofmaken hare, therefra*, 
plenty of ehoioe, and as iDepeotton of the oatklogse of Mi. Lee wiU show 
*hat a vaet amount of material and Omilied work is kept is etook for the 
if an aipiring amatenr. 
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The simpleBt of all the engines is a toy, poor excellence (Fig. 70), for 
it is nothing but a toy, yet it may be worth making, if only for praotioe 
in the manipnlation of tools. It consists merely of a boiler, for which 
tin will answer quite well enough — a small empty milk tin or mustard 
tin, for instance — with the lid soldered on, and supported on a tripod,, 
or on leg^ of stout wire over a lamp, which can be made also of tin. 
On the top of the boiler, in which a small hole is first made, is soldered 
a small short tin pipe, through which steam will pass and impinge on 
the yanes of a wheel, which is thereby made to revolve at a great rate. 
Simple as it is, the toy gives much pleasure to a very small boy — say, of 
3 or 4 years old — and it is, after all, a true steam engine, made on the 
oldest plan devised for using steam as a motive power. I have even 
seen lately a suggestion made to use steam in this way again on a large 
scale, and with one or two modifications. It may be as well, therefore, 
to point out here why this and the next arrangement have been dis* 
carded. In order to get the full power out of steam, you must so 
confine it as to compel it to exert its inherent elasticityi and the more 
pressure you can put it under, the more available power will be got out 
of it. In a jet of steam playing upon the vanes of a wheel exposed 
freely on all sides the steam can shirk its work. If you have steam 
of 1001b. per inch pressure, yet you can easily stop the rotation of such 
a wheel, because the steam can escape into the air, and so expend its 
elasticity without turning the wheel. The only possibility of using 
such wheel effectively would be to inclose the vanes in some way in a 
circular case, or annular chamber, and drive the steam through this 
so that it could not escape, excepfc by pushing the vanes out of its 
way. Such an arrangement would be very like a fan, as is now used 
in the portable forges, and for many other purposes where a current 
of air is required. But though the arrangement looks simple and easy 
to carry out, it presents many serious difficulties. It is evident that 
connection must be made by spokes, or a thin disc between the vanes 
and centre of the wheel ; and for this there must obviously be an open 
slit all round the inner part of the annular case. This must be steam 
tight ; and, again, the vanes must fit the chamber in which they revolve, 
so as not to allow the steam to get by without moving them — another 
practical difficulty ; indeed, to allow freedom of revolution, the vanes 
ought not to fit the chamber; and it is here that the plan breaks 
down, for there is enormous waste of steam, and this cannot be avoided ; 
and waste of steam means waste of fuel, and great cost in working 
for comparatively little power. PracticaUy, the free wheel, with no 
case at all, is the best ; because it is the most simple, and it will work^ 
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BBiieoially if the vanes are made differently, bnt the waste of steam is- 
boo great to bring this arrangement into use at the present price of 
hiel. We must, therefore, still regard this as a toy and treat it as 
raoh. It is aa well here to warn the reader against the nnprin- 
slpled mode often nsed of advertising snoh toys in a way that g^ves 
h false impression of what is really meant. Snoh an engine, with 
Inst a tap inserted in the little pipe which forms the jet, is often, 
ftdvertised after some such fashion as the following : **A real steam, 
angine for Is. 6d. This engine has a good sized metal boiler, with. 
iteam pipe, regulator, fnmaoe, safety valve [the cork which is inserted 
in the short tube by which it is filled !] supply pipe, brass flywheel, 
&c., &o,, the whole beantifnlly finished and japanned." The brass fly- 
(fheel is, of coarse, meant as a Inre, implying that there is a cylinder 
irith its flttings, and that snoh an engine as this unique affair is not made 
nith a cast tin or lead fly wheel, but a real brass one ; and thus th» 
reader is led to send his money in the fond belief that he will obtain 
vohat he certainly will not, I know how bitter is the disappointment 
experienced when some poor little boy has spent his small hoard in 
shia way, and I do not hesitate to say that any advertisement purposely 
irorded so as to deceive ought to render the advertiser liable to punish^ 
nent. It is one of the cruellest of the many tricks of trade. Mr. 
Bateman advertises honestly and fairly, and his goods may be alwaya 
srosted to be exactly in accordance with the published description.. 
^ar does he stand alone, for in this case the misleading advertiser is 
ihe exception, although an exception far too easy to find. 

The next form of steam engine, of about equal practical value to the- 
irst, and yet far more difficult to make well, is that shown in two varia- 
iona in Figs. 71 and 72, pp. 156, 158. This is an engine in which the jets 
>f steam escaping from the orifice of one or more pipes, bent in opposite- 
Ureotions, produce re-action by impinging against the air, and cause the 
•otation in an opposite direction of the reservoir of steam, to which they 
ae attached. The littie glass one represented at Fig. 71, p.l56, has, however^ 
mt one jet, and this small glass bulb is often used to send out a vapour 
ir jet of steam from scent, which is put in the bulb instead of water, 
Ad here, by the bye, is a little mystery for our young readers. How 
khall we get the scent or the water into the bulb through so small a jet P* 
Svidentiy it would need a fairy funnel to do it in the ordinary way. 
Jpon the mystery centre one or two important facts immediately oon- 
leoted with the subject of steam engfines which may at once be explained. 
12 the bulb be warmed by the fire, or by dipping it in hot water, and the- 
md of the littie pipe is dipped into the scent, the latter will rise and 
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How into it M it gntdokU; ooola. Aftar onoe flUiiig tbe bulb no fntnn 
difflonlt; will be eiperlenoad, Ita t, tJngla diop left in It will, on baiBg 
WBTmed, beoome cteun uid expel tbe air, uid, kB>tbii ateam oondenMB, 
the loeiit wiU riM knd All it me bafoie. Steun ooonpieB a great deal mort 
epaae than the liquid wbioh prodnoed it — a cnbio inoh of water wiH nuJn 
a, onbio foot of Hteam or tlumabont. Heated air likewiie axpaadfl and 
ooonpiei more ipaoe tlun oold air, and ia therefora, bnlk for bnlk, madi 
lighter. 'When we warmed the giasi bnll) we expanded the air indde it ; 
a great proportion of it, thsrafore, not ftnding room, eacaped Uuongli 
the jet into the ontar air. We next dipped the jet into oold loent, 




-ooTering its orifice. When the air lefb in the bnlb oi 
euongh to fill the bulb, and a laoaaai (or empty apaoe) waa oreated, >'.«., 
tbere was now Isaa preeanre upon tbe anifaos of aoent iniida the little 
tnbe than on that in the bottle oi veeiel containing it, and jnat aa tlte 
heavy end of a pair of nneqnally loaded aoalei desoanda while the 
oppoeit* end riaea, the preaanre on tbe aoent expoaed to the air (and 
thna more heaTil? weighted) drove np the lighter, and oanattd it to enter 
ibe globe, and it oontinned to do ao until a balanoe was gaihed, i.t., UB 
tha air inaida equalled in elaatioit; that on the ontiide. If we atc^ mp 
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the end of the little tabe and then heat the bulb, the air inside will 
eiq^Muid and bnrst it, and, if a drop of water or soent remainingr in it is 
oonTerted into steam, nnder the same conditions, the same result will 
follow. 

Toy engines are made with boilers of tin, or brass, or oopper, the 
latter generally brazed or riyeted. If there is no safety yalye these little 
boilers become dangerous. The pipe for the escape of steam may get 
stopped np, and all at once the boiler may bnrst withont warning, and 
the yonng engineer may be serionsly scalded and otherwise hurt. Hence, 
even for the simplest engine, proyision mast be n^ade against accident. 
The most direct way is to close the tnbe by which the boiler is filled 
by a cork, which will blow out if the pressure becomes excessiye, but I 
will giye directions by and bye for making' a proper and efficient safety 
yalye. For the yane wheel, howeyer, and reaction eng^es which is here 
illustrated, the cork is quite as good as anything that can be deyised. 
It would be a waste of time to apply a regular safety yalve to such a 
toy as this. Very often the water hole, or '* man hole,'' as it is called, 
is closed by a screw cap, and no proyision against accidents is made, 
probably because it is considered that the steam can freely e8cai)e. So it 
can, unless some bit of dirt in the water gets carried down into the jet, 
in which case an explosion is what may be confidently expected. 

The glass eng^ine, or Aeolipile, the toy maker will probably not attempt 
to make, although it is a simple job to one who can blow glass tolerably 
well. The construction of the one with a jet acting on a yane wheel will 
present yery slight difficulty. This wheel is easiest made of a circular 
piece of tin about the size of a halfpenny, with slits made all round it 
at equal distances to receiye the yanes, or rather just enough of each 
yane to steady it while it is being secured by a minute drop of solder ; 
an axle of wire is soldered into it at the exact centre, and tin supports 
are soldered on the top of the boiler to receiye the ends of this axle. 
The steam pipe is best made by drilling a piece of brass wire to form a 
tube, but a tin penholder with a small hole drilled in the rounded top, 
out off to about an inch in length, will answer capitally, or a bit of thin 
tin can be rolled up into a conical tube, and soldered up the side. The 
Tanes of the wheel must be arranged to come well oyer the jet, just 
elearing it as they reyolye. Sometimes the steam pipe is bent so that 
the jet of steam is horizontal. A little tap is also inserted, which can be 
bought at Bateman's, where small brass tubing may be also obtained. 

All this is, of course, matter for choice, but perhaps it is wiser not 
to expend more than is absolutely necessary upon these exceedingly 
simple toys, but to reserye capital for those which need skill in 
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-ixnwtraotioD, and ire altogether of a, man importuit ohanatai. Tt« 
tin TMotion engine (Eig. 72) ia Taiunul; oonitraotad, bnt Out illnatiaM 
here U a oiroolaf tin box, witli bmt jets attaohed at four eqni-diatast 
points on tlie rim. The jcta mnit all poiat in tlie lame dizeotion. Tlwj 
m^ ba made ttiaifrht if found diffionlt to bend, bnt moEt be aoldend 
on at an aonte angle like the apoat of a oofte* pot, lybig, as it wars, on 
tbeil lidei to a great extent. To allow the box to rotate freely on tba 
■hoit pin A, ths bottom is depieaeed ai ehown at B to fomi a bollow 
oone, and the wire ipindls above, tnrniog in a loop D of the wiie C, wiQ 
allow perfect freedom. F and Q are the wiok holdars of tiie spirit lamp 
below, whioh forma the stand at well as fnmaoe, and the ronnd box bat 




Fia. 73.— SiHPLB FoBH or Be-ij7iiom SHom, 



« ehort tube by which to fill it, secored by a oork ; a similar one at B 
ie tor the introdnotion of spirit to the lamp. The wick should be the 
soft ootfon sold in balls. Here, as before, I hare anggeated roond tin 
boxes, beoanse it ia eas/ to find «ach ; blacking boxes, for inatanoe, are 
light and snitable, and sample tea boxes (Boberti and Co., of Water- 
fltreet, Liverpool, send ont aamplea in Jnat sneh light clean boxea). A 
larger box for llie lamp, a bit of brass wire, and the materialj are all 
fonnd, and noUiing remains bnt to solder neatly, and get up steam. 
A very smsll flame will keep np steam when onoe the water boila, and 
a Urge ftaie of spirits will not only not be required, bnt will melt tlie 
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fiolder and loosen the jeta as soon as the water is well below them. If 
ihe water be too high you will still see the rotation, but it will be caused 
by jets of boiling water instead of steam, making a mess, endangering 
Hhe faoe of the engineer, and probably putting out the light. In the 
illustration given there are two wick tubes, but one will prore sufficient 
if the box be light. If there appears danger of making a hole in the 
bottom of the steam box in depressing its centre with a blunt> punch, 
solder on a little lump of brass and drill it with a small hole to receive 
the pivot. It is not difficult, however, to make a depression in the box 
itself if, before the cover is put on, it is laid upside down on a block 
of wood with a hollow place turned in it, and gentle blows are given 
about the centre until the bottom takes a cupped form. Then gradually 
depress the centre still more, and finish with a wooden punch of box wood 
turned to a blunt core — always strike tin with wooden mallets in making 
apparatus, as these will not bruise it like an iron hammer. One end of 
the mallet should be rounded off to form a good sized convex plane, the 
•other should be much more pointed. 
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CHAPTER XIX. 



TOYS WOBKED BY STEAM.— 8TATIONABY 

CYLINDEB ENGINES. 

We now adyanoe to cylinder engines, which are of two kinds, each 
more or less like those in practical ase. The principle of action is 
simple. An aoonrately bored cylinder is fitted with a piston or plnnger 
free to moye np and down within it, but not so loose as to permit 
steam to pass aronnd it. A rod fastened to this piston is carried through 
a hole in the cylinder cover by which connection is made with the crank 
or the axle of a heavy flywheel, either directly or through the interven- 
tion of a connecting rod hinged to it. In the first case the pylinder 
mast be allowed to oscillate to accommodate the piston rod to the 
movement of the crank, this being provided for in the other case by 
the hinge attaching the piston rod to the connecting-rod. Steam being 
admitted to one side of the piston, it is thereby forced onwards until the 
supply is cut off, which is arranged to take place when it has reached 
nearly to the end of the cylinder. In a single-acting engine the 
momentum of the flywheel suffices to carry the piston back to its original 
position, when a fresh supply of steam is admitted. Each time that the 
piston reaches the end of its stroke an arrangement is made to allow 
the steam to escape, so that the descent of the piston shall not be 
hindered, and this only ceases when steam is about to be re-admitted 
from the boiler. 

In the double-action engine, which is ordinarily used, steam is alter- 
nately admitted to either side of the piston, thus driving it in both 
directions, and doubling the power of the engine. It is probable, 
nevertheless, that for many purposes single-acting engines would answer 
very well, and they are easier and less expensive to make, if less 
economical to work. We will, at any rate, begin with one of these in its 
simplest form. 
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We shall require a boiler, pylinder, piston, piston rod, orank, axle, 
and fly wheel, also a steam block, whioh will be presently explained. As 
the boiler ought in this case to be of somewhat better oonstmotion than 
those previonsly described, attention should be paid to the following 
directions : It will be quite unnecessary to attempt brazing, as there 
is no danger whatever of ordinary solder giving way if the engine, when 
made, be carefully used. It is quite as unlikely to fall to pieces as a tea 
kettle. If we allow the water to evaporate till the vessel is empty, 
the solder will melt, no doubt ; but there is not -the least necessity for 
this, and with ordinary care the boiler will last as long uninjured as any 
other part of the engine. The materials required are a short length of 
brass tubing and a pair of flanged ends, which are casting^, and will be 
supplied to fit the tube selected. The best plan is to order a set of 
castings and boiler materials for an engine of a certain size, usually 
reckoned by the diameter of the cylinder, iin. bore or lin. bore, or any 
other that may be preferred. The set will include the parts named 
above, but it must be also stated that they are for a single action 
oscillating cylinder, for a beginner should make at least two of these 
before attempting those of double action, or those made with a slide 
valve. To make these, a good deal of manipulative skill is needed, and 
it is always a mistake to undertake a task of the kind without some fair 
prospect of success. Many a learner starting with a job too difficult 
for him gets disg^isted at his failure, and takes a dislike to such work ; 
whereas if he had attempted less and succeeded, he would have probably 
advanced to work of a more important character and become proficient 
with his tools. 

A lathe is required for engine making, as it is not worth while to 
buy all the parts turned, and merely to put them together. This can 
be done certainly, but it affords no practice in mechanical work, and is 
not worthy to be called toymaking. On arrival, the ends of the boiler 
will be just as they left the sand, quite rough on both sides of the form 
of A (Fig. 73, p. 162). The bit of tubing will be smooth, as it is drawn 
between dies in the prooess of making, but will need cleaning. The two 
ends will have been already turned true and even. The first step will, 
therefore, be to mount one of the cast ends in the lathe. For this a 
wooden chuck carefully hollowed out to take the disc of brass will be 
the best to use, and the disc should be mounted with the flat side (not 
flange) outwards, because when this face is flnished the chuck can easily 
be turned out a little more, and will then fit the edge of the disc. 
This edge, moreover, will allow of being turned when the disc is held at 
fint by its flanged part, and it must be flnished at this time, beoauBe if 
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paMpwtive, with the fl«ngs npwsfdB ; D gbowitheabnoh •fain, hollowed 
out isfflolsntly to reiwive the diio when planed with the flange oatwarda 
while the latter ia being tnnwd to fit eiaatlr tiie inaida of the Int of 
tubing. It will not be neoeMaif to tun farther than the flange, aa the 
«enti»l part may ba left rongb. Ijnppoaing the biaai monnted aa 
direotad, a point tool or a ronnd end oan. be naed to take ofF the too^ 
ontalda. 

In the oaatingB 11B11BII7 aold the nirfaee is tolatably dean, otherwiae ft 
wonld need to be pioUed lor a abort tins in dilate tnlpbuiui add, or filed 
to lemore iiie aand and grit ao detrimental to toola. In any oiM it will 
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be best to hold a file against the oater edge while it is in motion, to dean 

a plaoe for the first aoticm of the tool, whioh will thus get under the havd 

«kin at onoe and cat it readily. After the whole of the ontside has been 

tamed with the roaghing tool, a fiat ended one is ased to remove any 

-slight ridges or ineqaalities. The end of this tool shoald not be abio- 

lately fiat, bat form part of a large oarve, F, and the edge shoald be 

4Bqaare to the two fiat sides, as it is essentially a soraping tool. It is 

held on the Test as shown at £. A little manipalatiye skill is needed to 

prodaoe a good sarfaoe on brass, whioh is very apt, from the yibration 

it ondergoes, to become wayy. If this onoe begins it is increased 

momentarily, and then a point tool will haye to be ased to cat across 

the ridges and prodaoe an entirely new sarfaoe. This is pecoliar to 

brass, and arises solely from the vibrations set np by the action of the 

tooL Some kinds of brass seem more liable to it than others, and it is, 

perhaps, best prevented by nsing a thin tool and a light cat, and keeping 

the tool in constant motion from side to side. A bit of leather or the 

end of the finger nndemeath the tool on the rest, acting as an elastio 

pad, will sometimes answer as a preventive, bat practice enables a 

tamer so to manipalate his tools as to check the tendency to set np these 

vibrations in the metal. 

After nsing the fiat tool the sarfaoe is finished with fine emery doth, 

and then polished with rotten stone, whitening, and a dean, dry chamois 

leather. It can afterwards be farther finished by a coat of lacqaer. The 

fiange is not carried to the same extent of finish, beoanse all that is 

necessary is to torn it to fit, and thns also to render it dean and 

smooth, so that it can be tinned and soldered. The latter operation 

and also the finishing mast, however, be postponed ontQ one or two 

fittings are made, especially if the engine is to be of a complete character. 

In the simple oscillating cylinder and single action few boiler fittings are 

reqaired. These will be detailed presently, bat it will be as well to 

describe the mode of attaching these ends secnrely after th^y have been 

tamed and fitted as directed. The fianged part, whidi will be in contact 

with the inside of the tnbe, reqaires to be tinned.- For this pnrpose it 

shoald be heated till it will almost mdt a bit of solder when applied to 

it. A soldering iron having been also heated, some sdder is to be 

worked abont all aroand the disc, resin or Baker's fiaid being also ased 

as a fiax, ontil the sarfaoe is well coated with the solder. In the same 

way the inside of the tnbe is to be tinned. To nnite the two it is now 

only necessary to heat both till the solder mdts, bat it is a good plan 

to lay the disc with its fiange upwards on a dose stove, sodi as an 

ironing or cooking stove, and, when the solder begins to melt, the 

h2 
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tab* ^iMdj tinned U to be pUoed in poaitiou ftnd prMMd down 
nlwft Tba wbole Bhonld be left a, lew Moond*, lo as to inmra ttunoDgli 
BwUJng end vnioD of tlie toldeMd ■nitwei. If the tnznin(hH bMUirell 
done, and the pmtti wall fitted, an BoeDent joint will be made, aud tli* 
•older will be almoat or quite inTliIbl*. BMi ends wUl, of oonrae, be 
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Bttad eiaatl? Alike, only tliat wluota wQl join tii« top has to be drilled 
with a few holea to leoeive &» neoesaaiy flttinge. Tb«M ate the steam 
bloolu againrt whioh the aylinder oeoillatei ; the watar hole with Iti cap, 
and the aafety ntlTO. In the tube itaelf, (me or two eniall gangs tape 

dunld be fitted aa a meani of uoerbuuing at what b^bt the water 
atanda. I^. 74 lepreaenta the oomplete toj, and A, C, and D the aereial 
parte to be made and fitted on the top of the boileT. The itaam block 
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is repmented here aa formiiig tbs baee of the pillmr whloh is oMd to 
oury ths axle ol tha Hj wheel. This will be foond w, oonranieDt plan, 
bnt, it ptefaned, the two oan be aopuata, the axle bdng mpported on 
two (taodards inalwd oI one, and la tbie oue Huj oui be filed oat of 
•beet bnas iiut«Ml of betng of tlie form of pUlan, 

We mnat now oonjdder tbe ateam hlook and its purpoee, as upon the 
ftttangemantof thia part dependa the woiking of the mgine. It ooniiata . 
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of a block of biua (whiob, as stated, maj or may not form the base 
-of a pUlar) diilled to oommnmoate with the interior of the boiler and 
with another bole at right angle* leading into the first and terminatinff 
on the Sat aide of the block, ag^ainst which the lower part of Qm oylinder 
la pivoted and oadllates. In thia latter a hole ia drilled leading Into tbe 
bottom ot the oylindei, wbiob hole in one position of tbe cylinder talliea 
witli tiiat in the bbok, so that while the two oolnoid* ataam will paas 



166 TOTKAKINO FOR A1CATB17B8. 

into the ojlinder below the piston. When, however, the onuik oftiues the 
QjUnder to oeoiUftte, it eoon sBsamee inoh a position as to shut off the 
entsanoe of steam, and this will continne nntil the fly wheel, l^ ita 
momentnm, has restored the steam ports to their first position. Bat in. 
the meantime some exit has to be found for the steam as soon as it has 
done its work and raised the piston. In a small model, where joints axe 
all rather slaok, it generally snifioes to bore a small hole near the top of 
the cylinder, so that as soon as the piston gets above it the steam oan 
escape. 

A better, and equally ea«y plan, is to file a notoh or slot in the faoe of 
the steam blook, which may communicate with the steam port in the 
eylinder, as soon as the latter is dear of the steam port in the block. 
Fig. 75, p. 165, represents this, showing the lower part of the cylinder and 
block, the latter shaded with diagonal lines ; a is the steam port in the 
block, 6 the notoh for escape of steam, not yet reached by the port in the 
cylinder, but which will communicate with the latter, and so remain when 
it oscillates to the left after the crank has passed the centre ; e is the 
pin on which the cylinder is pivoted. Just below the block by itself is 
shown, with c, the hole for the pin ; a, the steam port, widened a little at the 
top so as to enable it to remain in agreement with that of the eylinder a 
little longer ; &, the notoh for escape of steam. A side view is given at A. 
The ports may communicate above the point of oscillation, or below it, 
as most convenient ; their position in either case is marked by describing 
two arcs of a circle with one point of the dividers in the pin hole, as 
dotted in the drawing of the steam block. The cylinders of these small 
engines are made in two parts (Fig. 75), a bit of tube, d, being screwed 
into a casting, which forms the lower part, and requires to be more solid 
to allow of the face being filed flat, as seen at/. A little cap, g, screwed 
or soldered on, forms the top of the cylinder, and is drilled for the passage 
of the piston rod. The crank axle is in this case a bit of bent wire, and 
it is to be remembered that the crank must be as long as half the stroke 
is — ^if the cylinder is lin. long, and the piston can travel three-quarters 
of that distance, which is called its stroke, the crank must be fin. long 
at most. The pin on which the cylinder oscillates is screwed on to the 
flat side of it, or driven in tightly, and passes freely through the steam 
block. A small nut secures it, but generally it is as well to have a little 
coiled spring of thin brass wire under the nut to keep the faces of the 
(^linder and blook in close contact. Here is the only difficulty in oon- 
stmoting such a toy. The two faces must meet, steam-tight, and yet be 
free to slide on each other smoothly and easily with very little friction. 
If the faces axe not quite flat, or the centre pin not exactly at right 
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anglee to both, thA engine cannot possibly work as it onght to do. The 
faces shonld be filed down oarefnlly and finished by careful grinding, 
by nibbing with oil on a bit of oilstone, or on a slab of smooth iron 
with finest emery or oilstone powder, or with water on a slate. It is not 
difficult to drill truly for the central pin, and this too can be bent a little 
to adjust it after it is fixed in its place. 

To make the cylinder yery neatly and in the best manner, the thicker 
part, which is at the bottom, should be chucked and bored on the 
lathe, and an inside thread cut to receive the male screw on the other 
part of the cylinder. But if the toymaker is not quite up to the 
somewhat difficult art of tradng screws with a hand tool, he must fit 
the two parts as nicely as he can and solder them together, and this 
can be done so neatly as not to show where the joint is. All that 
is required is to tin both parts, place one inside the other, and heat 
on a store till the solder melts, as already described in speaking of 
boiler making. Even a tightish fit without any solder will do well 
enough, as it will also for the top cap, because the pressure of steam 
in so small a toy is a mere nothing. It is not absolutely necessary to 
conBtruot such a cylinder in two or three parts — a bit of tubing thick 
enough to allow a flat to be ffied for the parts will answer just as well ; 
bat where made in numbers for sale, it is more economical to make them 
in the manner described. 

It is also a very easy matter to get bits of tube quite smooth inside, 
and thus to avoid the operation of boring in the lathe. If the toy maker 
is a good hand at turning, he will find very little difficulty in hnnting 
up a short bit of brass that will make either the lower part of a small 
<grlinder or the whole of it, just as he can also easily make a small 
tube by drilling a stout brass wire, and then reducing it on the outside. 
A workshop is sure to contain a store of odds and ends, which can be 
thus used, although it is far better to g^o at once to Lee's, Bateman's, 
or some other repository, and buy ^hat is wanted. Even if some of 
onr toymaking readers reside in Devon 'or Cornwall, it is a matter of 
little more difficulty to have a parcel sent from London than to walk into 
the shop and carry off its treasure in their own pockets, and it is rare to 
meet with shops of the kind out of London. 

The boiler described has as yet no special fittings, but these should be 
added, as the same boiler can be arranged to drive a better kind of 
engine when desired. It is, indeed, an excellent plan to make it alto- 
gether a separate affair, and lead a steam pipe from it to any engine 
which it is desired to try ; or, if it is of tolerable size, it will drive two 
or. more engines at the same time. You can get steam pipe of small 
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■ise, and ooniieotmg joints (nnions) at modal makeza' ahopa, aa well aa 
small taps, which aia difBonlt and tediona avtiolea to make nioely. Every 
boiler will be fonnd to be the bettor for what ia called a ateam dome, 
i.e., a reservoir upon the highest port of the boiler, into which its steam 
can ascend, and whence it can be condnotod by the steam pipe. Where 
this is net done the spray from tl|e ebnUitioti of the water is apt to get 
into the pipe and cylinder, making a great mess and impairing very 
considerably ito effioienoy;. This is technically called "priming," and 
even in railway engines is apt to occur if there is not ample steam 
room* 

It maybe stated here that most models make a mess when in action, 
not because they prime, which is more than probable, but because the 
steam, when first it is turned on into the cold cylinder and steamways, 
condenses into water, and this goes on till all parte of the engine have 
become sufficiently hot to prevent it. This occurs in large engines, and 
our readers have probably noticed that on starting from a station the 
engine driver opens two cocks in the oylinders, which, at every stroke of 
the piston, send out a jet of water and steam with great noise. As soon 
as water no longer issues, but only steam, the engine driver knows that 
his cylinders are hot enough to prevent condensation, and he then doses 
these cocks and sends the exhausted steam into the funnel, where it 
increases the fire draught. All this can be imitated in a model, but stiU 
there will be some mess, because^ the steam and water must needs blow 
out upon the teble or fioor. 

Although the youthful engineer may not be altogether averse to these 
watery displays, an engine should have plenty of steam room, and 
therefore will be all the better for a dome, and it must also have 
gauge cooks, by which the height of water can be readily ascerteined. 
The dome may be such literally, with a hemispherical top, or it may be 
a short tubular structure, with a flat top, and in either case it may be 
made use of as the site of the safety valve as well as the origin of the 
steam pipe. The readiest way is to make it of tubing, and to use a flat 
casting of brass for the top. This is all the more easily done, because 
we can get a bit of Sin. tube for the boiler with two oast ends, and on 
this mount on the cylindrical part a short bit of 2in. tube, l^in. high, 
out of which to form the steam chest or dome. Well shaped domes 
can be had ready made of any size, and either of copper or of brass. 
Copper is the best metal to use for boilers, but it is expensive, and ought 
always to be brazed or riveted. No metal, perhaps, equals it in beauty 
when it is well polished, and it will not only stend a high pressure, but 
if it should burst will not fly into pieces, but tear i^sunder. It is very 
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malleable, and can bo readily domed np nnder the hammer, bat it is aot 
often need by amatenrs owing to the facility offered by stoat drawn 
tabing of brass, which, of coarse, needs no seam at all. 

To moont a steam dome with flat top, the dome formed of tabing, the 
lower part mast be filed oat to fit acoorately the cylindrical part of the 
boiler. This needs a good deal of care, bat mast on no acooant be 
slarred over. The fit mast be so acoarate that the least possible qoan- 
tiiy of solder will secnre the parts together. If this cannot be managed 
it will be far better not to add a dome, as it will be an element of danger. 
In any case in which sach a dome is affixed by eolder only let it be done 
by tinning the parts which are to be placed in contact, and then heat- 
ing them snfficiently to melt the solder and sweat them together. The 
dome of copper or of brass made specially is spread oat below to form a 
flange, which, whether riyeted, brazed, or soldered, will be far more 
secnre than the tabalar shaped one merely flled oat to flt, becaase in this 
case it is secared by its edge alone. 

A catalogne sach as that of Bateman or Lee will show how rarely a 
steam dome is nsed, except in looomotiyes and marine engines; bat 
when it is omitted it will be seen that the steam pipe is flrst carried 
direotly upwards for some distance before it is brought down to the 
i^linder of the engine. It is eqnivalent to a small dome, and prevents 
prlndng to a great extent. The method answers perfectly for the 
small models to which it is applied, and as already stated is far safer 
and bettsr than a dome which may not be perfectly fltted and secarely 
flxed. As I have known oases of forgetfalness which impaired the 
effidenoy of a model to an extent easily nnderstood, let me warn the 
toymaker who adds a dome to his boiler that he mast not forget that 
highly necessary work of making a connection between dome and boiler 
by one or mpre holes, and the latter plan is better than a large single 
hole, as it is less likely to allow the water to enter the dome, which 
is meant specially to contain steam, and steam only. 

In Fig. 76, p. 170, a flat-topped steam dome filed oat and fitted is 
represented as carrying a leyer safety-valye. This essential of a steam 
boiler, if safe working is to be gnaranteed, consists of a short hollow 
plag screwed or soldered into the top of the boiler and tamed traly in 
the hollowed part to a conical form, to carry a valve or ping by which 
it is closed steam tight. This plag is so placed as to be held down in 
its seat by a lever carrying an adjastable weight, by which the pressare 
apon it can be accarately regulated. The valve and its seat mast be 
tamed to a blant cone, becaase otherwise it is sure to stick fast, and 
this may cause a dangerous explosion. I will presently show one or 
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two diflerant torma, Imokub thfy Mm b« m»d« Qvlt« flmt instead ol 
twnUed M M menl7 to lia Bp«a the edge of tlie viItb leait, bnt tiiii 
will need veij Momate wink to nodar it staun tiflit, and a blnnt mw 
or ertn a valre of apherioil or liemupliarinl form will not atiok faat i 
a it kept oUai. ^lis keeping oleaz is, indeed, mart naMn<a»l t« tin 
working of ill modal*. No paiia,,moTeoTBT, td rauU ensinaa whieli an 
to hare motion mut flt ti^tly, fiiotion being Iieie a tezriLla enamj 
Katona mnat be lightif packed or left without any pMUng, wUoIi ii 
the more nanal plan ; and all Joint*, aaoti a« that of oonnaotinr nida and 
eranka, to tajr nothing of biaaae* and bearingi, smat be allowad iomi 
amount of bee play. The moM so the amaller the tnodaL Henoe thi 




Tie. 76,— Piii TorPiD Sniii Dohb, 



ttqpmakev molt not be too uioe abont ateam leakage, bnt be satisSed if 
th« flTwheel a^na merely, or the looomotiTe " make* timoka " with 
tolerable lapiditj. The lerer of the aafety valre may be hinged on ik 
piojeoting atnd on the plug joining the valTe seat, or upon a wpaixte 
one behind it; bnt the torcasr method i* the better of the two, a* It 
■area the eitra bole by whioh to fix anoh ping into the boilei, and «aoh 
hole Is an element of weakueae. The flat bar fur the Isret can be mad» 
ont of any gnitable bit of eteel, its length regulating Hit preanue when 
tha weight is hnng npon it The nearer the weight is to the and of the 
lerer, farther from the hinge or folerom, the greater is the preunn oit' 
the Talre. 
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In amall modeli tlw am of the jtlwe will prolMbly be from i to i ot 
•It itteh, from wMeh it ii ewy to reokon in tlie mnal mj the aetoal 
pnanm p«E ineh, thia being Uie oidinBijt mode of nlonlaition i On» 
oimee In » Tain i of ui inob in atea will of oonzM be eqniTftlent to 
4aa., or Jib. on one inch of snrboe of Uie boiler. Mid thii sgain will 
be mnUaplied I7 the di«taiiee of the weight from the fnloram. Pzaoii- 
oillT, it ia not verj euy to bant a nnall boiler, if hesited b; a apirit 
kmp and well put t<%ether. The locomotive boilers are iome ot them 
■tated in Lee's aatalogne to ibtad tafelj T31b, pteainie on Uie aquate 
ineh, and hie welted iion boilsii 401b. Theae am foi enginei of wms, 
power, bnt the small locnmolaTee, anoh aa the little 10a. Sd. one, which 
la « nuuTSl of oheapneas, doee not leqnire that tight fitidng of ita RotB 
that needa high preaaiiie to oreroome the friddon oansed therein, and. 
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inatcMl of bnrating the boiler, tha steam would find its way ont at vaiiona 
pUeea before attaining a dangerous elaatidty. 

A ^et; Talre may be mads with 01 witbont a spindle to guide it ia 
itai Moent. In a small nuxtel anoh apindle would be omitted. It has 
a oeitain advantage, howeTer, irrespeetiTe of acting as a guide, inaBMUoh 
aa it prerenta the Talve from falling off and getting lost. In the illua- 
bationa. Fig. 77 (A) ia a sectional drawing of ft aafe^ valre, Fig. 
76 showing the peispectiie view of it with the plug and lersr. A 
Ut of brass ia turned to a neat enp form (B), and tiie bottom, which 
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ii flat, is then dzOled with a few holes for the eseape of stesm, 
and with a oentral hole for the spindle. The valve (D) is turned 
oonioal, to fit the inside of the cap, and this has a saw out, a h, made 
straight across ifc, in which the lever is to lie, and in which one of 
its ends is pivoted. The lower part of the cup is tenoned and out 
with a thread (C) to screw into the boiler, or it may be soldered instead. 
If screwed it should have a lead washer to insure its being steam tigiit 
E shows this cupped part looking into it from above. 

Fig. 76 shows another neat form. Here the brass is turned flat on 
the top with a milled edge, and a conical valve seat is made. The lever 

is pivoted in a short turned 
pillar screwed into the flat top 
of the pieoe. Fig. 78 is another 
pattern. In this case the brass 
is turned out like a smaU box, 
with a sharp edge, which must 
be very true. The valve is 
a flat disc, with a spindle to 
Fio. 78.-POBM OF 8ip«T Valve. ^^^ .^^ and it lies flat on «ie 

edge of its seat; a disc of vulcanised rubber may be out out and 
attached under this valve, as in those of similar form, so much used in 
water cisterns. 

In all cases where spindles are used they should be of copper or brass 
wire, preferably copper wire, which will not rust. Copper wire can be 
made straight as a needle by putting one end in the vice, and then 
pulling till it is felt to stretch slightly. This will take out every sign 
of coil or irregularity. A needle will do, however, or steel wire if the 
valve is lifted out and the spindle wiped after and before use, but it 
may give trouble, and it is easy to get copper wire or brass. It may 
be as well to state, in order to facilitate a knowledge of the pressure 
actually tending to burst a boiler, that in the case of a lever safely valve 
the pressure equals the weight suspended multiplied by its distance 
from the fulcrum. If Fig. 76 represents such a lever with weight of 
21b., 0, the fulcrum, and A, the position of the valve, the distanoe of 
the latter from the fulcrum originating the scale of distances on the 
lever, the pressure will be 21b. with the weight at 41b. at B, 61b. at C, 
and 81b. at D. If the valve is of an inch area, these numbers would 
represent the pressure in pounds per inch. If, as suggested, the valve 
is iin. area, these pressures, multiplied by four, will give the pressure 
per inch. It is not very likely in practice that a 21b. or lib. weight 
would be used on so small a boiler. 
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It ii more likely to be an ouiiM, oi tren mnuh leu, and the pnunre 
ckn only then be made gnaX bj tnezeaaiDs the length of Utot And 
dinunithing the dietanoe of the fnlonim trom the v^Te. Bj xiMng a 
qning Iiut«ad of a wejftht nnoh gNater pieMnre oan be bmnght to bear, 
M a TW7 nnall ooUed •pring may be mads (^ steel win suffloiently 
(tout to be very atil^. Safety (aprmg or lerer) Talvee ate advertiied 
oompleto in the oatalogoea from la. each, -ttie lerer pattern being lather 
mor« expennre than the oQi«i. 

The next bit of fitting to be oonaideied is the gauge, Fig. 79, whioh 
nay b« m&d* with glau tube, fitted into a bnae iooket at eaoh end, or 
na^ ooDiiat of two or three lep&rate imill oook«, placed one above the 
ether. The latter are the moat ntad aa being aimpler, and the glaaa 
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gangei ahonld certainly be bonght ready made aa well aa the oooka, and 
then they ean be fitted at home. The upper end of the gUat oommnoi- 
oatoi with the ateam, the lower with the water apace, and thiu forming 
pwt of the boiler, eDablea the height d the water to be alwaya clearly 
aen jnat mi if the boiler itaelf were tranaparent. Of the gange oooka 
tlie lower one ahonld always give watts, the upptt one steam, and if 
thla doaa not happen it ahowa that then ia too mnoh or too little water 
is the boiler. A third tap is sometimea plaoed istennediate between 
the top and bottom ones, aa a atill further guide to the engineer in 
aaoertaining the oondition of the inside of the boiler. These gange oocka 
kre made to aoiew into tapped holes, or made with a nnt, and waaher 
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-of leftd 01 ooppor. If nutde la the letter way ttwy mnvt be wonNl 
betora the mda of the boiler ue uldered in. In r'"""g tfaam lUoir 
ono-Uurd the ipaoe in the boilei to Uie BtMm, and plaoe the lowMt tap 
at lin. diameter from the bottom, and when thia giTea (team instead of 
water, fill np at onM tiU water jut befina to ran from the nppei iaf 
pbuMd at iin. from the top of the boilsr. Yon will 'thna aaye the 
deatmotion of the boiler, which lo often reaolti from allowing all the 
water to boil away. 

The manhole, which ia ated as the water filler, oonnata (tf a ring of 
braai (Fig< 60) with screw cat inaide for a eorew ping, or ontmda for a 
Horewed cap, and oaa be made 



top of the boiler. TfaeoaaiiiiK 
can be obtained, or aor niit- 
able bit of tube or aoUd rad 
may be preaaed into aerriee 
■od tonied to St. Thaae are 
the nnial boilar flttinga, and 
aie qnite infflciflnt for good 
olaai iojB; bnt for mwe 
perfect modela, in which exwt 
imitation of leali^ ia aimed 
at, oirotilar pieeanre gangea 
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may be fitted, and a second tbIts, snch as 
Lee and Batenuut snppl; bU these, finished to perfection or in tbe 
rongh ; and when the parts of entire engines are sent ont dimotuma 
(and, I believe, drawings) aie incladed, to assist the amateur. 

The steam pipe is batter fitted np by screwing or aoldering <m tbe 
steam dome or top of the boHer ; a short tnbe and screwed aaokat^ 
called a union, by which the additional length of tubing leading to tba 
engine ean be connected at pleasnre. This renders tbe ttdler indapemdent 
of sny partiotdar engine. Steam tnbe of braas, from ifn. bora, ia sold 
in lengths of 1ft., and oau be cnt as required, and bent in any direotira. 
This bending teqnirea great oare, as any sndden sharp bend mnat b« 
oaretnlly avoided. Tnbee large enongh may be filled with aand, powdoed 
Tosin, or (if braied) melted lead, or fnsible metal, and than bent, after 
which the snbstanoe need ia ponied ont. Bnt the veiy small tabe mnat 
^ manipulated oarefnlly by hand and gentle taps of a imall mallet while 
laid on a convex snrfaoe. If the onrve required ia gradoal, a bit of wirv 
may be threaded through the tnbe while it is straight, and sabseqneul^ 
withdrawn ; bnt gentle man^mlation will generally sufBoe with tubes of 
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«o small size, the great thing to avoid being flattening of any part of 
tiie toi>e« for if this happens it will bend sharply, and thns beoome 
rednoed in size or absolutely stopped np — a serions matter when intended 
as a steam pipe. 

We may elaborate engines and boilers to any extent, bnt the more 
perfect ones, with every detail of large engines reprodnoed in miniatore, 
are not contemplated in this series, it being devoted to toys and not 
to modds, which are valned at perhaps i610 to £50, and are made 
at considerably higher prices even than these. The only addition, there- 
fore, to a boiler that need be allnded to is that of a single central fine 
or tube, which, by conducting the heat right through the middle of 
the boiler renders the generation of steam more rapid. Fig. 81 (p. 176) 
represents such a boiler, an upright one, cut away to show the external 
tube. A and B are the two cast flanges forming the end of the actual 
boiler. This may stand on legs, or may be advantageously made as a 
Qylindrical tube, with air holes punched round near the bottom to admit 
air in sufficient quantity to supply the lamp, the frame of which passes up 
the central tube, and may be of good size. This tube is better made 
conical, but if such cannot be purchased, a straight bit of brass tube 
win do well enough soldered into the top and bottom plates. But 
these must be carefully bored in the lathe to flt very accurately the 
tube^a good tight flt, and, indeed, if capable of such a job, the toy- 
maker may chase a thread and screw the two together, simply using 
« little red or white lead to make the joint steam and water tight 
if necessary. The best sort of tube, however, is cast with a flange, 
like that shown, to enable it to be riveted down on the bottom plate 
when in close approximation to the flame of the lamp. 

Another very good plan to avoid solder is to use a tube, D, cut with a 
screw thread at each 'end. The tube is passed quite through the boiler 
ends, and a washer of copper being slipped on, a hollow nut, E, is 
screwed up outside. Such a tube acts as a brace or stay to a boiler, 
holding its ends together. Now it may be stated that this is not the 
way the tubes are fitted in locomotive boilers; but the real plan of 
action there adopted would be less easy to manage successfully in a 
model. The method is as follows : I is a section of the thick plate 
forming the end of the boiler ; F and G are sections of tubes. These 
being fitted, they are secured by driving in short conical ferules, as 
shown at K in section, and also in the drawing of the plate I and 
tubes. The tubes of copper are thus very securely fixed, and very 
quickly too, and the result is a neat and durable job, steam and 
water tight to any pressure likely to be brought to bear upon them. In 
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onrvoU boOei tha fiiBii«l <it vfaiUa diuMj b to b« Sttod om tl 
■Ufhtir prajeotiiiK Md of the Bra tab* C in tli* oencnl %»». A boil 
anaogad tlnu will maka ataais fax man i^iidlj thsu it will wiUiovt tli 
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indd* ttibt. A nmnbei of tabea would be ol little tue orar a lainpi but 
•m ot grekt Talne when the fnmtoa oondats of a fira box arranged ttt 
bwn ehMOOiU, »■ !• naiial in the oaie of large model en^nea. 
In as; riTeting nae ooppet riTeta. Th«j> okn be bought of TUions 



TOTS WOKKED BT STB AM. — STATIONABT OTLINDBB BNOINES. 177 

gizes and lencrtiha, and oopper is so malleable that it is easy to hammer it 
down into a ifood head. A riveted copper boiler well pnt tog^ether is 
of Tery smart and beantifnl appearance, bnt to get seams tight is not 
at aU easy. Hence, for toys, the ready-made brass tabing is far 
preferable, and nearly always nsed in the trade. 

It will now be as well to speak of another kind of engfine, the boiler 
being an independent matter. We have as yet only considered the 
Bingle-aoting cylinder^ in which steam acts under, bnt not above, the 
piston, and the down-stroke is accomplished solely by the momentum of 
the flywheeL In donble-action engines steam is admitted alternately to 
either side of the piston, which is thereby forced up and down. The 
momentum of the flywheel renders the movement more steady, and in 
addition oarries the crank over its dead points and serves often as a 
driving wheel, having a strap, or being made with a cogged rim to drive 
the machinery to which it is attached. Steam is admitted to the piston 
just above, and then below, by one or two different arrangements to be 
presently described, but it has also to be alternately withdrawn or per- 
mitted to escape from one side after its work is done, while fresh steam 
from the boiler is being admitted to the other. This used to be done by 
a system of valves and levers, worked by a boy, who had to be very 
attentive, or the piston would have been blown right out of the 
cylinder, or other damage would have ensued. Then the engine was 
made to perform this work by tappets attached to the steam and exhaust 
valves, worked by an upright rod armed with pins and rods, which 
came into contact with the tappets or valve levers as the massive 
beam above oscillated like a gigantic scale beam upon its central 
pivot. These old heavy and clumsy engines are now quite out of date, 
and the slide valve has driven out the older and more complicated 
arrangements. 

There is, however, another method which is much used for marine 
engines for model steamboats-^an outcome of the very simple valve already 
described. The plan is so simple and acts so well that the toy maker 
will hardly find a better, nor is it difficult to rig up. A (Fig. 82, p. 178) 
is the face of a steam cylinder, with B 0, a projecting piece on one side 
standing not quite so high as the central circular boss. These are 
drilled or cast hollow, and form steam ways, shown in the section, one 
leading to the top, the other to the bottom of the cylinder, into which 
th^y open. These steam ways do not meet, but are quite independent of 
each other, and each has its own opening, D and E, in the flat face of 
the central boss. Suppose the piston at the bottom of the cylinder, as 
shown in the section, it is evident that we must admit steam by the 

N 
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lomr port in ordar to nJM it, and »t tb« ooe time ths air or atwa 
kboTS it moit 1m kllowed frM aM»p« by tha nppar port, to tbkt it bi^ 
not bsoome ooioptMied m Oi» piiton nan, snd thna intarfon with iti 

Thii ia bwntifnllj aooompliahed bj tlie itaam blook T, wtpdi i» 
■emred down to tlie baaa plata of the engine. The blook ia ai^id, and 
d on the port ride. G H are two aemlaizonlat or oDind 
nrre being itmok from tha oentre, I, which oairiaa tha pin 
HI which the cylinder oadllatea. G wa may oall the *te*ai port aod H 
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the eih*,iut port. A hole ii bured from the baok, or top, or bottom, aa 
the oaae nay be, into the oorred ertean por% and another into tha 
exhaust port. Into fhs flrit tha end of the ate&m pipe from the boiler 
paeasB, and the other is left open to the air, or a UtUa jet pipe can be 
fitted into it. If we now pivot the cylinder to the pin I, bo that the Bat 
ainnlar faoe of the boaa ia close to the blook, it will be aeen that iriien 
the ayliader iB qnite upright the little holes oommnnioating with ita 
interior will both be between the carved alota in the box, ao that no 
oommnnleatlon ia made betwaem the porta in tlie Uook F and thoae td the 
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^^linder. In snoh OMe the engine stands stiU. Bnt if wo now posh the 
eylinder into a slanting position — ^the upper end leaning to the left— th» 
upper port will be brought opposite the npper end of G in the block, and 
steam will enter and continne entering as long as the cylinder moves, 
downward. Bnt this brings the lower port of the cylinder opposite the 
onrred steam port H, and, therefore, the lower side of the piston is in* 
free oommnnioation with the air, as long as the npper side is being acted 
<m by the steam. Bnt presently the crank passes over its dead point 
«nd the cylinder begins to indine in the opposite direction. Its lower 
port, therefore, now comes opposite the steam port of the block, and iti 
npper port now communicates with the exhaust or escape port. The 
piston, therefore, is now driven upwards. Thus by the oscillation of the 
cylinder the ports are alternately opened and dosed without the inter- 
vention of tappets or slide valve or any similar complication. This is, 
therefore, the simplest of all double action engines, and will answer for 
those called small power engines to drive lathes as well as for mere toy 
models. 

Let us now consider the practical difficulties or otherwise of making an 
engine of this class. We may thus divide the work : Boring the cylinder; 
drilling the steam ways and ports ; fitting the covers ; and,, fodng the 
boss and the steam block, and so arranging them that they will work 
truly in contact without loss of steam during the oscillation of the 
cylinder. There is more than one way in which a cylinder may be bored, 
■and the plan selected will depend on the appliances available for that 
purpose, of which appliances a lathe is almost essentialy although it is not 
absolutely so, for cylinders have been bored without it. NevertheleBS, 
it appears absurd for anyone to commence model making without at 
least a small lathe fitted with slide rest, and a few of the more ordinary 
chucks. 

In the first place, look at the casting, and see which end of it seems 

the best and flattest. Bemove with a file any ezorescenee above the 

.general level, and render the entire end tolerably level, just suffidentlj 

BO te enable it to bed down well on a face plate or other chuck. Clamp 

it down on that end to the face plate if you have one suitable, or hidd it 

in aa American three jaw chuck, or drive it into a boxwood one, taking 

-oaze in either case to bed the face alluded to well and truly on the faee of 

the chuck, or, if you prefer it, und the bore is already a fairly smooth 

one^ yon can mount the cylinder on a short projecting arbor or stod 

turned on the boxwood chuck and made to fit tightly inside the oyiindMr ; 

but turn the ^msc of the chuck true and level at the base of such stud 

4uid drive the i^linder on till it beds fairly on the face so tuzmsd. Yom 

n2 
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vptt* pood cf tt* Vaek popfifc» wUflh will ottan fitaaft 
aOov a cyindBr to m «n|j vpon it, a^ if so. tin wfll ^aaHj atoiidy 
iL HBootod lkn,70«cuBov CMevpcMcfttaoidsa^ ako tiift 
adg« cf bott iaagw. g i wtoit — j—fe pe op o Md , jo» cm on^y get at 
OBS €Bd to Cm6 it^ wUoh ia pcMiiodly wlaft ii nqpnred, baoMuw, in ocder 
to bore tta ejSader^it arast be i wto d on €■• aeonmte^ faoed and. 
Hiaring tonad, tiiaraCore, at laaat one and, jo« anj take tta «!3iiiider 
ovt cf tiie latba,aa joa bare an agwjiuata aazCaioa to alart witii to 
ooBBflBae boring. Yon bain alao not only ooa end turned, bat oo» 
iange toxned on tiie edge aqnazefy and aeeniata|y, bj ubioh yom can 
now remoont tiie flflindflr in afreab ebad^ 

Tbe Awwrifian jaw ebmek iiamanaaiy faeilitateB engine making, beeanae- 
it win gx^ wofk eentnUlj in a moment and bold it fizmlj, ao tbat yon 
may torn one flange and bote tiie flylinder at one opawtion. Tben monnt 
it on a mandril and iaoe and finiab tiie otiier flange. Bnt anm^oee yon 
bare no snob grip ebnek, yon need not be in any aeiioiia difBouIty. After 
one end and flange are tnmed, make a boxwood obnek, boDow aoomatelj 
to aboot iin. or fin. deep, taking great oare to level tmly the bottom of 
tiie reeeaa. Tnzn thia to take the flange yon baye tamed tightly and 
driye it in, not with hard blows, bat with alow, ateady, moderate t^[iB 
with a hanmier, ontil it is bedded down &irly on the bottom of the reoesa. 
This will hold it qoito seoorely enough for boring it with a ligbt oat. 
Sappoaing yon haye grot thus far, yon baye bnt to fix an inaide tool in 
tbe rest and take two onto through to finish the bore nioely, nnleea the 
easting ia foil of hollow places, when three or four sacoessiTe oato will be 
needed to get a good surface. See that your rest is set for paraUel work 
first of an, or you will bore the cylinder with a conical instead of a 
cylindrical interior. 

I have pre-Bupposed the cylinder to be large enough to enable a slide-rest 
tool to enter it freely, but this will not be the case if it is not over iin. 
bore in the rough casting. For such you must go to work in an altogether 
different manner, which, indeed, you may adopt with larger ones if pre- 
ferred. Instead of using a slide-rest and fixed tool, a slight recess is 
tnmed just to start the cut truly, and a rose bit, or D bit, or half-roond 
bit, as it is often called, is made to enter the turned recess, and, being 
centred on the back poppit point at ite other end, is gradually advanced 
into the out, being prevented from itself rotating by having a spanner or 
hand vice clamped upon its shank, which spanner will be on the top of 
the rest during the operation. 

Some of the very small cylinders of iin. bore are cast solid and 
drilled ont, and the twist drills should do this tmly. Sometimee,. 
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liowever, they are too keen in the edge for brass, bnt any drill will do the 
work with proper oare. First mark and pnnoh the centre at eaoh end, 
«nd bore thenoe with a drill ninning in the lathe (for solid oylinders), bnt 
use a drill of ^fna, if yon want a iin. hole. Then mn a iin. bit or a 
reamer throngh, and tme np the hole to size from one end only. In this 
oase it is better to bore first and then tnm np the flanges, having driven 
the cylinder for that purpose on a wooden mandril, so as not to injure the 
bore. Boring the cylinder of a small engine is not by any means the main 
•difficulty to be overcome. To a turner it is a very simple operation, and 
with a grip chuck, slide rest, and inside tool, cylinders might be bored 
by any amateur with the utmost ease and rapidity. A well made rose 
bit, or D bit, will do the work quite as easily, so that a slide rest for 
•<7linder8 up to fin., or even Iin. bore, is not a sine quA non, A 
tolerably long experience, however, has taught me that it is not a good 
plan to work with inefficient tools or with an insufficient supply of 
apparatus. It is simply waste of time to do so, besides the risk incurred 
of spoiling good material ; and although once in a way a lathe without 
a slide rest may do very well, it is far better, if possible, to add that 
useful appendage. 

The cylinder covers are cast as circular discs, the lower one having 

merely to be turned with a flange to enter a little distance into the 

cylinder, and it is then faced up with a circular moulding or two, and 

•drilled with from four to six holes for the screws by which it is attached. 

The upper cover is differently made. It is shown in Fig. 82, in section 

-at M, and again below G, fitted complete with its gland or stuffing box. 

The part below the line L is in a single casting ; that above it is the 

gland shown in section at K. The lower part is mounted by the fiange, 

while the upper part is neatly faced and moulded (or left. plain). Then, 

^hile still in the lathe, the central hole is drilled for the piston and 

jMUcily enlarged to receive the gland, this enlargement being somewhat 

oup shaped at the bottom, but perpendicular in the sides. The whole 

oover may be turned at the same time as far as it can be got at. The 

work is now taken out of the chuck and reversed; and the chuck 

being turned out very accurately to receive it ; the gn^eatest oare must 

be taken to bed down well the turned surface (a). The fiange below 

is now turned and faced just to enter the cylinder as a good fit. It is 

perhaps safer to begin with this under side and fiange, but there is this 

advantage in working in the other way, that after the smaller cavity in 

the chuck which received the flange has been used for the purpose, a 

touch or two of an inside tool will enlarge it to take the diameter of a, 

whoreaB, if we work the other way, we must turn down the entire face 
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of tiie dbnok before makiiig a mmll esnty to hoLd tiie ojlinder coTer by 
ita flange. 

In all caiee like tiiia, in wbidh both lideB of an ol^Jeot hare to be 
faoed np, it is abeolntely neoeotaxy to torn tiie bottom of the oaTity 
in the ohnok yery tme, and then to bed down upon it the f aoe of the 
work whioh has been tomed. If this ii done, it is not generally of great 
eoneeqnenoe whieh lide is first turned, bat the matter shoold be 
neyertheless considered before oommencing the work. Eren in eoono- 
mising ehnoks a little forethonght is of advantage, bnt this consideration 
is a secondary one compared with that of so arranging matters as 
to insnxe aconraoy in the finished work. In the present case, if the two 
sides of the cover are not parallel planes, the central hole will not be at 
right angles to them both, and when the piston rod is in its plaoe it wiU 
pmnt to one side, and not take np a position in the axis of the oylinder. 
This will vastly increase friction and probably preremt the piston from 
moving at all, beoaase it will jamb it against the side of the cylinder. 
The gland K may be held by its smaller end in a boxwood chnck while 
the top ii being ^Msed and the hole drilled for the piston rod ; then the 
chnck cavity may be enlarged, the gland remounted with the other side 
outwards, and the lower i>art tnmed to fit easily, bnt nicely, the hollow 
tomed to receive it. It is generally cupped a little at the bottom. 

This gland serves to compress against and around the piston rod 
a little packing— greased tow — ^which is wound round it after it is in 
place. The gland, being slipped on over the rod, presses down tins 
packing into the cup-shaped cavity of the cylinder cover, and compresses 
it so closely about the piston rod as to prevent even the slightest escape 
of steam. There are two modes of forcing down the gland. In the 
illustrations given two small steel rods are screwed into the cylinder 
cover and passed through holes in the gland. A pair of small nuts will 
hold all securely together and provide the requisite downward pressure. 
Instead of this, the outside of the gland and the inside of the cavity in 
whioh it fits are frequently out with a screw thread, which is a very neat 
plan, and answers well if correctly done. But in a small engine this 
thread (inside) cannot be traced in a lathe, the hole not being sufficiently 
large to admit the chasing tool. This necessitates using a screw tap, 
and as it is not a thoroughfare hole which has to be threaded, it will 
need two taps at least to out the screw, and they must be very fine in 
thread, finer than is usual for a tap of the diameter here required. 
Henoe it will be found a far easier job to attach the gland to the cylinder 
cover by the method which is here described. The covera are 
attached to the cylinders by screws or small bolts and nuts, and serews 
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■nd tap« to suit tliem fitted in nest liudlw, or tha litUs bolts and uata 
twaatifiillf flniahed oan b« boogbt leadj for nse. 

Tha next piooess will be tho faoing of tha bois on the itesm aytlndei 
— an important operation, npon the KoanrBoy of whioh the vorkinr of tha 
angina will mainly dapend. Thia face mnat form a plane at right aoglea 
to Uiat of the Of linder ande. If it is not thna plaoad a failure will be tlia 
zeanlt. With proper oare, however, oorraotneia may be eaaily inaorad. 
fa ibe Qrat plaoe, tnni tha two flangea of tha oylinder exaotiy tha 
■•me aiie. Dpon thaae the cylinder will rest in the ohnok now to bo 
peparad. Hollow oat » boxwood ohnok ea tliat it will hold the oflindat 
laid flat down on it, and keep it tightly held. H ahonld bad down 
in tha shnok to it« diametrical line or aiia, and will look like Fig. 83. 




Tis. 83.~Ctijbdis Bbddid Dowb ts Choci. 

It ia apparent from tha drawing that it will toDoh at four pointa — 
A, B, C, D, whioh will inffioa to hold it BOonrely. Sea that tha {m», 
E, of tha bOBB lies aa tme aa poBBible with the faoa of tha ehook, 
tapping the work in lightly at fint till each ia the case, and than 
bedding it down firmly. Ton san now taae up the boaa aaall; l^ hand 
with a ronnd <mA tool, followad by a flat tool, or by hdp of the illda 
teat. Tty it with a straight edge, that yoa nay make sore yon have 
MJthw hcdlowed it nor ooned it in tha leagt. It mngt ba dead flat, 
and •• amooth aa tool oan maka it. Drill alao at the Hune tima 
a miall oenlial hole for the pivot, and torn the adge of tha bota a 
little way to give it > neat flniah — lUn. to iin, will do, onlei* it pro- 
Jwta torthR' ; anyhow, tun aa mnoh aa yon oan to a iqaara adga, «U 
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Doi loond it off. Now drill tiie hole for tiie pin or j^iot on wliidi the 
ejHnder win oscillate. For this porpoee fizat hold a gmTer egamst it 
so that its point will cot a sHglit oonioel reoese to guide the point of the 
drill. The latter should be fixed in a handle or held in a small hand Tiee 
or in a drill dinok, and its point presented to the work while it is in 
rotation. This will make a oentral hole qnite square to tiie sorCaoe of 
tiie boas, whioh is essential to tiie working of the engine. The pin 
will be serewed into this hole after it has been tapped, or it maj be 
driyen in tightly or soldered, bnt the proper way is to screw it. 

In this description the boss of tiie cylinder is supposed to be in the 
oentre, equidistant from the two flanges, so that when mounted in a 
ehnok in the way described the tmoe of it can be turned true. Bnt 
such is not always the case. It often happens, espeoiaUy with engines 
not meant for model steamboats, that the boss is at the bottom of 
the cylinder, like that first described, although not so frequently in 
double action cylinders as in the simpler form. When this is the 
case there is a little more diffiouliy in turning the face of the 
boss, because, being further from the centre, it comes against the 
tool with a greater shook, tending to knock it out of the chnck. 
With hand tools this is always a difficulty, and even with a slide 
rest the greatest care is required to adyanoe the tool by yery slow 
degrees as the work proceeds. This, howeyer, can be at onoe ayoided 
by using an eccentric chuck, if such is at hand. By means of this 
the centre of the boss can be made coincident with that of the man- 
dril, so that the boss is brought into the same position as if it 
were cast centrally upon the cylinder. In nearly all oases in which 
double-action cylinders are shown in the catalogues, the boss is central, 
BO that no difficxdty will be experienced in obtaining that form of 
casting. There is also a certain adyantage in using cylinders of this 
pattern — ^yiz., that the cylinder when at work is not top heayy, but 
nicely balanced, and, therefore, will work more smoothly when in action. 
The steam block may be filed, planed, or turned up to a true face. 

It is quite a mistake to suppose that only circular objects can be 
satisfactorily worked in a lathe, and it is often adyantageous to turn 
those of oubioal form, as it secures the relatiye positions of the sereral 
planes. A set of dice, such as are used for playing backgammon, 
can easily be turned and made more quickly in this way, if a proper 
chuck is used, than by filing. A steam block is generally shaped like 
Fig. 84, p. 185 (B), which can be mounted in an ordinary boxwood ohuok, 
as shown at C, when the centre of rotation is at A, and the piece 
is fixed by its corners so as to be easily faced up. But here the centre 
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la not that, perbapi, on vluoh it will be ooDTeuient to oentie 
tlie piTot — it is Tftther iow down nt B, and theretore the hole foi the pivot 
vonld hkTe to be drilled afterwardi. Thie need pment no diffionlty, 
boweTer, if the drill be noQuted in a, driU ohnok ud the ateun block 
broivht Bgainst it by the oylinder of the bitok popp t with ti bonog 
ttioge monnted on it as nia&l. Ereii with » hand dnll there i no real 



It will, howeret, be often edTantageona to mount anoh sn object ai 
Hub in Ofdai to briiiB any point oentral that we may wuh to place m 
meh position, and there are two other wayg n whioh we oan monnt 
Uiem in a lathe. Firit t^ere is tamen oement need npon a flange or 
flat ohnok. This it a oontpsBition of p tab resm and bnokdnat m<dt«d 







-on the [Me of a wooden ohnok, and the bit of braoa is laid npon it while 
itoOi ace warn, and centred aa may be required. In a tew minnteB it 
will be firmlr fixed, and capable of bearing the aotion of the tDruing tool, 
it uMd with care. This ie a moat usefnl ohnok in model making, a« 
■anj abaped bit at metal oan be thna monntod on the latha, snd any 
-part of it oan be brought to the line of csntieB. The other plan, alio 
irf great aerrioe, la to naa Bolder to nnite the piece of metal to the ohnok. 
Both are to be heated, bat the ohnok itself need not be aafScicnt^ bo to 
jnelt the lolder, whioh oan be mbbed on ita faoe with the aoldezing 
Jtim DDtil the anrfaoe is well tinned. A braaa ohnok will take the tin 
better than one of oaat iron, bnt either will do. Then the bit of metal, 
filed to a olean aorfaoe, ia to be timikrly tinned and heated till the 
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[■ in ■ melting oonditioii upon it. It ii lAim to b* plMMd !■ 
on the ohnok, and in k few eeoonde it wDl be perfwtly SMom. 
■ray the itSMn blook oan be motmted Hid fkoed, drillad, and 
oiidea niailced npon it with » pcant tool of gmr^ to 
« podtiiMi ot the iteam wayi whioh have to be est into it- 
win wayi are drilled out and Uniehed by meant of ft amall 
I there li * diillieg tpindle at hand to fix in the elide toit 
ba baaolifnlly done before ramoring the pieee tmn tha lathe, 
being driren from ovechead, and the mmk oanaed to oacoDale 
and fro, by taking hold of the lathe pnlley and moving it 



it another way of taming the faoe of tha bote on tha ateam 
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:b, bhowiks Subtacb Plaig 



oyllndet whan It ii placed centrally. In Lee*! engine oaatinga the 
cylinder baa a projeoting tenon exactly oppoeite to Uie boil, the end of 
whioh reotivet the centre aorew by whioh the cylinder ia kept does np to 
the tteain block. Ur. Lee hai eiercised mnoh fbretiionght in pbuudng 
all parte of hia enginea, to facilitate turning *ach m reqnin it, and 
thia tenon girce great oeaiatanae, in mounting a oylinder in qnlte a 
(UBerent manner from that described, and by which ae correct piadual 
leanlta maybe obtained. Figa. 86 and 83 repreaent anoh ayUndflr, and in 
turning it we have to get the line D E (Fig. S6), ita horlaontel asia at 
i^ht angles to F G, ita Tartical axia, and the plane of A B perpendloidac 
to D E. It ia eridant from the sketch that we may nunmt tha oylindK 
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betfwieeii tlie oentre points of the mandril and back poppit (I and K), and 
thatf woDg a driver ohnok, the pin of the driver will oatoh against it, and 
tiiat it will thus beeome its own carrier, while 0, the tenon^ is being^ 
tnmed. Berersing it we shall get at the entire face (A B) as well as its 
edge, and be able to torn np the boss. In order oorreetly to eentre^ 
the cylinder thus by its flange and tenon (and if there is no tenon by a 
oentre hole pnnohed in the cylinder at the opposite side of the boss), 
it onght, after the ends have been tnmed flat and tme, to be placed 
upon a snrf ace-plate A (Fig. 85), and a scriber brought np to it as at 
B, to mark a horizontal line on the face of the boss and on that of 
the tenon at exactly the same height. The plane on which these lines fall 
will be then parallel to that of the snrfaoe-plate and perpendionlar to the 



A 



K 



B 



Pig. 86.— Plan for Tubnino Ctlihobb. 



axial plane of the cylinder. The hollow centres for the lathe points can 
then be easily fonnd by a pair of compasses, and may be lightly pnnohed 
and tested by monnting the cylinder npon them in the lathe, and giying^ 
it a torn by hand. Of course in using the surface plate and scriber, the 
cylinder is to be tnmed end for end on the surface plate until the 
trae oentre is found. 

We will now go a step further and show the use of the surfaee plate 
moce perfectly. We hare marked a line on the little fooe of the tenon 
and on that of the boss, and then by help of the compasses made a 
central mark upon it for the punch ; but we can do this in another and 
mmee aooorate way with the scriber, by laying down the cylinder as in 
Fig. 87| and orossing the first line by a second, turning the cylinder over 
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■nd baok till we gat tb« line to biuot the flnt, then hnngnifi toaui the 
•oriber to the end of the tenon, we Mmtoh a line npon it without altering 
the height of the wnibing needle, holding klso the oyliiider, so thmt it ihkll 
aot roll oret in the leut. It ia geneiaD; laid on V blooka like A, wbioli 
hold it and pia* ant it from rolling, ot aaj little blooka may be plaoed 
mi eMb aide ai lies npon ita fl&nge* npon the anrfaoe plate. 

If model making is to be a hobby, the toy maker ahonld moat oei- 




Fia. B7.— UuiiHO 



tunly obtidn Mine sort of eoribing block and plane table. For the 
latter a simple expedient ia a oaretolly aeleotad sheet of thiok plate glau, 
which ia almost a tms plane, the aorfaoe plate proper being an 
aipenaiTe aitiale. A aoribing block may be oheaply pmohaeed <s 
home made, and all that is needed ia aome aort of stand with a lerel 
base, and a pedeetal on whiah the ioribing needle oan b« adjnitad 
to any hught likely to be required. B and C ore aimple forma, 
bnt there are many varietieB, eome depending on the lathe for thafi 
formation, others on the file and planer. Evan a wooden bloek fitted up 
with an adjsetable etael needle abont Ain. to tin. thick, and pointed, 
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may be pressed into service if cheapness is an object. In Fig. 87 {J>} 
is shown a scribing block made of a tnmed boxwood base with a pedestal 
made of stent brass or iron rod, on which slides a boxwood block 
to carzy the needle, which, like the block, is secnred by a clamping 
screw. This can almost as easily be made of metal, and most amattfor 
workshops wiU contain some odds and ends suitable for the purpose. 
The base may, for instance, be made of an old oogrwheel faced np 
nicely, with or without turning off its teeth, or may be a lead casting, 
or ohipi>ed out of thick brass plate and finished in the lathe. An 
ingenious mechanic is seldom at a loss for materials for a thing of this 
sort. 

In getting up the steam block by hand, the scriber and surfaoe-^ 
plate are essential to accurate work. The block is laid on one side, 
which has been roughly levelled, and a line scratched a little below the 
level of the upper surface all round its edge. This surface is then filed 
true to such line. It is then reversed on the newly finished face, and a 
line drawn all round as before, marking the true edge of the upper sur- 
face, and setting it out parallel to the first. Being filed to this line the 
two opposite faces must evidently be parallel and true, and the edges are 
then worked by the aid of a square and file, till they prove at righi 
angles to both the above surfaces. The surface-plate and soribing^ 
block are, therefore, it will be seen, of immense use in measuring and 
marking pieces of metal, and are employed for finding centre points 
of bars and shafts required to be turned, as weU as for seeking inequalities 
in the thickness of plates, and for innumerable other purposes. It can* 
not be said that it is absolutely essential in centreing the cylinder in 
the way described, because centre points can be struck lightly with a 
finely pointed punch, and the work mounted and tried, and, if necessary, 
readjusted, till true ; but the practical mechanic marks all his work by the 
scribing block, so as to leave no doubt of its truth and accuracy. 

We may now suppose the respective faces of the cylinder boss and 
steam block to have been reduced to perfect planes, so that when working 
together there will be no escape of steam. Means have now to be 
provided for keeping these in dose contact when all i>arts are put 
together. In the cylinder illustrated, which has a projecting tenon 
opposite to the boss, there is a centre already made during the process of 
turning to receive a centre screw on which the cylinder can oscillate. 
By means of this the faces of the steam block and boss can be readily 
adjusted, the block being, of course, permanently attached to the bed 
plate. In this case there is no need of a central screw in the block, a 
mere point projecting i^sth of an inch or less will amply suffice, a oorre* 
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g hollow bBinc mtia in th* bue of tha c^Undar. Tig. SB ia ■ put 
snah ■ Qflinder and ita kttaalinieilta. It U i^naentad m 
D tiie top of tha boilar C. D ia tha padaatal eurjing tha 
««aibe leimr, A &a attAm bloi^ kud a Uie ahort point oo that aida npoa 
whiah Uia oylinder B oaaiUatca. Honnted tima, than will b« no naoaaait/ 
fat a ataam pipe, aa the iteam mj in the blook ——— ■-»—*— with tha 




boilei diraet, and the engina will oe 

a moment upr^t — thia poaition c 

intorioF and that of the boileT. Snob mode of monntlng an oaoiUatbig 

ejHnder ia mnoh atEonger than that naed in the email aiiiila aiillin 

aDgiuea, whioh oaoiUate on one pin only, and it ia alwafa nead for donWe 

action <7Enden for ateamboata, whioh work in pain, on* on oaoh aide 

ot a eential ateam block. 
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There is no oceaaion to enter into details of the fly-wheel and orank- 
azle, as there is no practical difficulty abont these, and mnch will depend 
on the design of the engine used. In a marine engine, for instance, with 
paddles, there is no fly-wheel, and two cylinders are required, so as to 
produce no dead points, as they are called — ^that is, the cranks being 
placed at right angles to each other, and the cylinders being of double 
action, the axle is being palled round continuously, one crank acting 
fully when the other is on its dead point or neutral position. In screw 
steamers a small heavy fly-wheel is often added to the crank axle to give 
impetus to the screw and assist in orercoming the resistance to its 
rotation offered by the water. Again, in the case of locomotiye engines, 
the smaUest are made' with one single-aetion cylinder, and seldom work 
well. The others have a pair of single action ones working a pair of 
cranks at right angles to each other. Here, of course, the driving 
wheels are the flywheels, and there is no dead point, so that these small 
engines should work well. But for anything larger the pair of double- 
action cylinders, oscillating or slide valve, are far preferable, as with 
these there is ample power, and the force tending to move the engine is 
constant. As regards the particular design of engine, much will 
probably depend upon the oastingfs offered for sale. They may be hori- 
zontal engines, with bedplate, or vertical to fit on the boiler or table, 
with cylinder upright or reversed, the horizontal appearing to be the 
most generally used, but for this the cylinder should be formed with a 
flat plate below, or with lugs to bed down on the foundation plate. 
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CHAPTER XX. 



TOYS WORKED BY STEAM-SLIDE VALVE 

ENGINES. 

These are rather more difficult to make, but are always considered a 
superior class of engine to those prerionsly described. They are almost 
nnlTersallj nsed where steam power is adopted to drive machinery, as 
well as for railway locomotives and steamboats, although the engines of 
the latter are nsnally direct acting, with oscillating cylinders — t.e., there 
is no connecting-rod intervening between the piston rod and crank. To 
accommodate the motion of the latter, therefore, it is plain that the 
cylinder mnst be allowed to oscillate npon pivots, or tnmnions, as they 
are called when of large size. Naturally it would occur to the mind of 
the engineer or model maker to admit steam at the trunnion, either as 
explained and illustrated here, or in some equally simple and efficacious 
manner; but in nearly all oases the slide valve proves the bett^ 
expedient, and is more easily kept in working order. Moreover, it gives 
power to use steam expansively — i.e., to admit and cut it off before 
the entire stroke of the piston has been completed, leaving the greater 
part of the stroke to be accomplished by the expansion of the steam in 
the cylinder itself. 

Although it might perhaps suffice, as far as mere toymaking is con- 
cerned, to carry the subject of engine making no further than I have 
already done, merely describing some others with oscillating cylinders, 
yet it would be a pity not to describe the slide valve engine and mode of 
constructing it. The boring of the cylinder and fitting the covers will be 
precisely similar to what is required in the case of double-action oscillating 
engines, and the steam ways drilled or cast in the substance of the cylinder 
will also be similar, ending, however, in a rectangular boss instead of a 
round one. But there will now be in the face of such box a third port, 
intermediate between the other two, and not directly connected with either 
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of Hum, but with an Moi^ Iiole in one nde of th* bou. All tba thtM 
porit win h&TO to ba nastlf ohudled to u> (Along fonn, m dalineated 
haro in Fig. 89, at A. If tha iteam wv* ^ra not ooied oat in Um 
outing — and tli«7 Midom ai«, aio^t In «nginat of krgw aiM — thaj 
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dionld be drilled ont aa luge ai the enbstanoe of the oylindet wiU 
•Uow ; or two ehonld be drilled aida by Bide, whioh ia often the better 
plan. This drilling teqnizee much oaze ie*t tbo drill iwerro and mn ont 
of its ootirae into the iniide of the o;linder oi otherwise. The beat way 




Fie. 90.— rosmoH oi 



to insme a straight oonrsa is to drill in the lathe, and here again the 
•ortbing blodk and nrfaoe plate will oome Into requisition to mark tho 
portion of the hole or holes. Fig. 90 reiKoavnts the ojllndar Isid on 
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fhe snrfaoe plate C, and aeonred by blocks B, of lead, to prevent it from 
rolling or shiffciiig. A shows the soriber in one of its two positions, by 
which a line is to be drawn, a &, on the tamed ends of the cylinder. 
Snch lines will be in precisely the same relative position. At D the line 
is again marked, as it wonld appear on the end of the cylinders. Upon 
a hf with a pair of spring dividers, set off e d, the centres of the holes to 
be drilled, and with a pnnoh indent them to form an entry for the drill 
point. Bepeat this at the opposite end of the oylmder. Yon will now 
have distinctly marked the axial line of the required hole, so that a drill 
entered at one end will, if it nms correctly, eventnally appear at the 
other, at the point marked. If the drilling is done on the lathe, this 
€traight coarse will be readily secnred by bringing the point of the back 
poppet centre to the mark made at one end by the panch, while the drill 
is entered at the other. The hole shonld not be drilled, however, in a 
linrry, or even this precaution may fail to insure its correct progress. 
It should be sent in a short distance and then withdrawn, and, the 
cylinder being reversed, the hole should be commenced at the opposite 
end. Then the work should be carried on at alternate ends, a drill 
being also used a size or two smaller than that ultimately required. 
These holes are not to meet and so form a single continuous steam 
way, but each must cease at the port nearest to the end at which 
it was commenced. It will therefore be safer practice to cut these two 
ports roughly before drilling to meet them. They will be dnlled first of 
all like B, Fig. 89, and then out out with a small chisel made for the 
purpose of hard steel. These can be bought at the model shops, but 
are easily made. Use the scribing block to mark a, h, c, d, defining the 
ends of the ports, and upon these lines, by the aid of sharp compasses 
(with a set screw), set off the ports at equal distances from eaoh other 
4Uid of equal width. The central one, however, may subsequently be 
widened with advantage, but the width between its outside edges and 
those of the ports above and below it must on no account be made 
unequal. In setting out the ports draw first the central line of each, 
:and then set it out on each side of this. Of course, the face of this part 
must be first turned or filed up quite level. 

In order to insure this last requisite, which is all important, the 
flcriber again comes to the fore, to mark the lines which define the position 
•of the plane surface. Fig. 91, A, B, and 0, show what is to be done. 
The face, c, d, of the boss must be at right angles to the diameter, a, &, 
as seen at A, not as drawn at B, which is a fault often committed by 
•careless workmen. Hence the cylinder is adjusted on the surface plate 
to bring this face in position as nearly as possible in the rough oaitlng. 
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aod Reamed, aa befoce, 1>7 a oonple of Im^ weight* and > Una, e, d, at C, 
ng. SI, marked aa a guide to the file. 

We m»7 now ooimider the oylindei bored and the porta made. The 
aaxt o|^entii» will thatefore be the taming -Uie cjlinder eorm moi 
miUiig the stnfBng box or ^land tbioog^ whioh the piiton rod la to wnl. 
nil, howerer, hai been deauribad aa a part of l^e donble-aotfng ofcQlating 
ei^ine. It ia a dmple bit of lathe work, whioh shonld not pteaaut any 
great difSenlt; to the toy maker, who oan use a hand taming tooL The 
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bottom oorer ia the lame aa tha other, bat without the gland and itoffli^ 
box, nnleaa, aa aometimei happeni, the piston rod ia oanied right through, 
wmking a foroe pump at one end and the main orank of the driving axle 
at the oUiar. We ma; paaa on, tharefoie, to the slide valya and ita 
adjnnota. Aa yet the ateam w»^ tiiat ware drilled are open at eaoh end, 
and do not oommnnioate with the iniide of the oylinder. The ends moat 
tiierefore be plagged with braaa wire aorewed or drivan in tightly and 
fiboed oft flnalk, ud porta (mt jnat inaide tiie (^liAder to oonummioate wWi 
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tha drilled iteuit nj. Them ou h» dxSOaA tzcm ths inaida by a UUla 
numagement of Qi« drill tpindl*, iv otit witli » •mall ddad, or drilled 
right thrangh bom the outside, bnt it this is dona than will be tha 
neoaaBttj for pinging the ontmde of the hole ao made, and It is batter 
to avoid this it poarible. TheM ia little dl&ont^ in drilling bom inrida, 
imlj thne if not mnoh room to wtak ; a b, Fig. 92, tbow iha plugs 
(blatl) ; c d, the imida porta ; « /, the iteam porta, and ff tha sihauat 
port at tha Talra tarn ot tii« oylindar, all in aeiitdim, whioh will make tha 
matter (dear to the reader. 
Let ni now oooaider the action of the alida valTO lo m thoronghlr to 
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> ita offiM is. It oonsUta of a kind of box, with a flat 
flange (B, Fig. 82), generall; rapreaented, howeTer, in a model engine by 
a aqDare bit of braaa, about iin. thick, oat out in the inaide like C. The 
nta of tha ilide ia to oonnect two porta on tha nlve faoe together. 
Snppoae anoh a box tonied apiide down npon the porta, and alid npwsrd« 
until the nppez and oantial port« both fall intide it. Thaaa woald now 
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be oonneoted as one steam way, while the lower port would be outside the 
box, and therefore remain open. Now let the box or valve be slid 
downwards until the npper port is olear ; the two lower ones would be in 
oonneotion with each other. Thus the central or exhaust port is always 
open to the inside of the box, and is alternately made to oommunioate 
with the two steam ports by sliding the valve up and down. It is evident 
that in designing these ports we must make this valve of sudh a sise as 
to comprehend two ports and leave out the third, but the flange or flat 
face outside the hollow part must also be of such width that when the 
valve is central all three ports shall be exactly covered by it. All this 
part of the engine requires to be enclosed in a case — ^the valve-casing as 
it is called — ^into which the steam from the boiler is admitted, to be 
thence allowed to enter the pylinder by whichever port is left open by 
the action of the slide. This valve-casing consists of a box, D, open at 
top and bottom. Sometimes, for models, it is made with a back, however, 
in one piece with the sides, but is not so easy to fit up. At the top is a 
stnfiKng box and gland, identical in form with that of the cylinder cover, 
but smaller. 

For the purpose of attaching it to the valve face of the cylinder, the 
casing in models is drilled through the thickness of the sides for long 
bolts, as seen at D, such bolts also holding on the back of the case ; or 
it may be made with lugB for short bolts, as at E, or flanged all round, 
the first plan being usual in small models. There should in any case be 
a rebate, seen at h, k, in the section of the steam ports (Fig. 92), fitting 
the inside of the hollow casing, so as to keep it accurately in position 
while inserting the bolts to secure it. F (Fig. 92) is the back of the 
valve casing, showing a central hole where there is generally a boss or 
projection. This hole is tapped to receive the end of the steampipe 
from the boiler. 

Such is the general arrangement of the slide valve, which is worked by 
its valve rod. This rod, passing as it does through the stuffing box of 
the casing, must not be attached rigidly to the slide valve, or it might lift 
it from the port faces, against which it has to work steam tight. The 
valve is actually kept against the port faces by the pressure of the steam 
on its back, and therefore the valve rod requires to be so fitted as to 
allow a little play. A simple pl^ is to make the end of the rod like G, 
and to put a pair of short pins, a & of B, in the back of the valve over 
which the notches in G will fit easily, or there may be four such pins as 
at H, or the end of the rod can be slotted like I, and fit over a rect- 
angular projection or two pins. There is no play necessary except such 
as to allow the valve to bed fkirly against the port face, so that it 
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Bhall not be drawn away in fhe least by the np and down tzayerae of the 
Talverod. 

Indeed, fhe less side play the better, and it will be an advantage to 
make the width of the slide vaWe as nearly as possible that of the in- 
side of the steam ohest or yalve easing, this forming a gnide for the 
aoonrate to and fro motion of the valve. The form I of valve rod oommon 
in locomotives is made in large engines to embrace within the slot, not a 
mere projection, but tho whole back of the valve, which is sketched 
at B, and the rod is often repeated below the square frame and passed 
through a second stuffing box, thus giving a very steady motion to the 
valve. There is not much difficulty to be apprehended in fitting the valve 
casing, the main point to be attended to being accurate facing of all 
bearing surfaces, which ought to fit quite tight, but may be assisted by 
a washer of sheet lead or a little smear of white or red lead when put 
together. F may be faced in the lathe and the boss turned, drilled, and 
tapped while so mounted ; the flange chuck, with cement or solder, being 
the best to use. All surfaces should be tested on a surface plate, and 
not allowed to i>aBs muster if at all defective ; after being fitted they can 
be ground a little with emery and oil, or a smooth plate of iron or brass, 
not on the surface plate, or it will be soon spoilt ; a very slight grinding 
only ought to be needed. All these parts, too, ought to be lined out 
with the scribing block, so as to insure the parallelism of their opposite 
faces, as for instance those at D at Fig. 92, marked a h. Careful lining 
out saves a world of trouble and insures a good fit. 

Pistons were at one time invariably made steam tight by means of a 
packing of greased hemp or tow wound round them in a groove or 
grooves turned to receive it. For toy engines the plan answers suffi- 
ciently well, but in the smaller ones even this light packing is too much, 
owing to the friction which it creates, and the pistons have to be left 
wholly without packing, even though, no doubt, steam frequently passes 
by them, an evil which reduces power to a minimum. But loss of power 
or entire stoppage of the engine is the only choice left to the model 
maker, who is made to learn in a very practical way the rather trouble- 
some doctrine of frictional resistance. 

When, however, we come to the construction of toys which are almost 
useful machines, and propose to make engines of l^in. to 2in. bore, the 
pistons may be made with what is called metallio packing, i.e., with one 
or more rings of metal cut through and allowed to spring open, the cut 
in one being placed opposite the solid part of the next. There are a 
great many ways of accomplishing this, some of which, however excellent, 
are far too complicated for adoption in toy engines. For these it will 
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fioe to tnm a reotangralar groore on the edge of the pistoxi iin. deep, 

zeoeiye the packing rings, like Fig. 93. The rings are of steel, iin. 

th way, pnt on a mandril and tnmed to 

the cylinder tightly, being also rednoed in 

okness so that either one by itself or two 

fetfaer will fit into the groove in the solid 

bon. Of conrse, if two are need, the 

lOve mnst be made sufficiently wide to re- 
re them. They are, after being tnmed, 

m through and sprung open sufficiently to 

iw them to be got into place. They will 

n be found to tend to spring open, and so 

the cylinder truly. 

biother way to arrange the packing is 

bum the piston with a rebate instead of a 

(Ore, like Pig. 94, and then to add a sepa- pi<j, 93.— Pistoh asd Enro, 

e disc or flange, securing it by a nut on 

the piston rod, or by three screws tapped into 
the piston. In this figure, A is the piston 
and part of its rod, B the lower flange, C the 
nut^ the same flang^e being also shown with 
three screw holes for its attachment. The 
whole is shown again at E in section, with 

the rings a & in place. 
By this method it is far 
easier to put the rings 
in, because they can be 
slipped over the rebate 
and turned up true 
in place after having 
been sawn through and 
sprung open. If a bit 
of leather is pnt as a 
washer above and be- 
low the rings, they will 

•• 94.*ABSA.NaB]KEifrT OF FAcxive, with Flasob be held flrmlv enouirh 

AND Nut. r^ T^ Tt 

by screwmg on the 

ige to allow them to be turned ; this can be removed afterwards. 

rhe packing ringfs will be more likely to spring open properly if hammered 

bhe inside before being sawn through, as the metal is thereby expanded 

1 In a state of tension. The outside of the ring during the process should 
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beaDowed to vest on a block of hard wood, so as toooaoentrale the bbwg 
more oompletely npon the iniide mutmoe. Hammered bran of sqiiare 
Beotion will form yeiy cfood eprings for piitoiLBi and is eaaier to woric in 
Bome reepeots than steel ; oast iron is also used in engines of large sise. 
In point of fact the material is probably leas important than the wa^- 
manship, and the tqymaker may yezy well nse any one of the metals 
spoken of which will form a spring, and may ohanoe to be at hand. 
There will seldom be any necessity for turning the piston rod of a modeL 
or toy, as wire — steel as well as iron — ^may be had, drawn brif^y of any 
siae likely to be needed. This should be annealed at the end wbgie a 
screw is desired, as it is rendered yeiy hard by the process of drawing, 
and wHl, in this state, nnnecessarily try the temper of the sorew pKate or 
dies. 

The desifini of an engine shonld be settled before the eylinder is par- 
chased, becanse some special appliance may be required by which to 
seonre the latter in position. If intended for a horiaontal engine or looo- 
motiye, the cylinder mnst be oast with Ings, or witha flat plate on one 
side, for the pnrpose of attaching it to the framing, boiler, or bed plati). 
If, howeyer, a beam engine is preferred, the cylinder can be screwed down 
to the bed plate, which may eyen form its lower coyer. Then, again, it 
may be fitted in an upright position, on what is called an A framing, 
with the crank axle and fly-wheel aboye it. All these details shonld be 
settled beforehand, and full working drawings made, with details of the 
yarious parts all drawn carefully to scale, or of full size, which is yery 
much better. 

The A frame is represented in Fig. 95, and is a simple means of apply- 
ing a yertical cylinder, whether oscillating or otherwise, the latter case 
needing a much lower and more compact frame, as the piston rod is then 
attached direct to the crank without any interyening connecting rod. The 
only fault of this arrangement is that either a short cylinder is necessary, 
or the frame must be made yery high to allow of a sufficiently long con- 
necting rod. Although not represented, a brace can be carried on each 
side from A to B to tie the frames together and stiffen the whole. The 
eccentric is represented rather too far from the crank, and perhaps the 
two A frames are too far apart, but the drawing will giye a yery good 
idea of this kind of engine frame, and serye as a hint in fitting np any 
cylinder which has no special plate or lugs for securing it to the bad plate 
in a horizontal position. and D are of course the guides, sliding up 
and down in the slots made to receiye them in the thin web cast bet -et- 
the main uprights of this frame. With an oscillating cylinder of double 
action, like that previously described, the eccentric and also the connect- 
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iag lod, E, wovld Boi \m mmmmrj^ aad is tUi eMe m mtj good 
■jfht be made of tkii imiIIih ii to woA > —II latibs or — wiag maddno. 

In ittmg ^ an A fiaBO, tto omr plMi k to pioBO or filo tn^j oqiiaie 
Ao Qgtoido porti bore ii|^— Iwl wittnrtiiliodh^,Mia tododoen Aowob, 
o£ wIdA oBJIij tto iiiB« ed^ o£ tto dolB Med be fled. The lottermay 
be IDed into Vb end tte bnano eanlazfy gro o T o d, or tb^j aej be oeai 
witii pioj ee tiii g edgee or zinB, like F» aad ibeee, in loflli eaaOt woold be 
fled ^ bxigbt and trae, tte elidmg blocks being then ehiHpedeoonardniglj. 
I^ luyweTEr, it is eonsidered too tioableeosM n job to brigbfesn time sidss 
oimOtlBg o£ the A pieee^lei •»(tte fiDoiii omb) be vustednniee 
dark green, branM, or bbck, and file vp the edges on^ whioh adjoin tiie 
web. The latter, being left zoog^ and painted, will make tiie bri|^ edges 
look an the better by oontrast The same maj be said of the fljwheel, 
of whidi the three sides of the lim and both sides of the boss on^it to be 
turned, bnt if this cannot readily be done the edge alone may be thns 
finished, and the boss and aU the rest painted. The best paint for tiie 
pnzpose is called japan — ^it is simply a mixtore of well ground paint and 
Tamiih, and it makes a yeiy bright handsome sufihce. It may be pnr- 
ohased at the model shops. The base plate of snch sn engine will be of 
brass if of small size, and this will look well mounted on a Int of mahogany* 
with a neat monlding mn round it ; bnt if the cylinder is of liin. bore 
and upwards, iron will be preferable, which can be cast with a monlded 
edge. The snrfaoe shonld be planed to look well, or, if no planing 
machine is at hand, it may without great difficulty be ground upon a 
common grindstone, and then worked to a surfiboe with files and emery 
until a good polish is obtained. 

In many respects this is a much easier i>attem to fit up than a hori- 
zontal engine, because it 1b one in which the yarious parts can hardly 
fail to come true and square. The cylinder's place is readily found by 
drawing diagonal lines on the bed plate from comer to comer, and 
drawing a circle from the point thus obtained, such circle being of the 
same size as the bottom flange of the cylinder. Through this centre 
two lines should be drawn at right angles to each other, as centre lines 
from which to set off the exact position of the feet of the A frames. 
These feet haying been rendered quite flat underneath, should be now 
drilled for the screws, the hole forming a guide for those to be made in 
the bed plate. The two standards must then be laid down flat and the 
axle holes drilled in both at the same time, after marking with a dotting 
punch on each side of them the exact point for the drill to enter. This is 
quite sufficient in a mere model, but for anything of larger size the tops 
of the frame haye separate brasses fitted to them. In the present case 
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an inspeotion of the drawing will show that the engine can be put 
together yezy easily without these separate split bearings, the flywheel 
being keyed on after the whole has been set np. 

The sliding blocks, C and D, are merely fitted to the ends of the 
long turned bar or cross head, which at the same time acts as the pin 
on which the fork of the piston rod and the boss of the connecting rod 
are piyoted. The web between the sides of the frame is often pierced 
and made to assnme an ornamental character. 

It is easy to make patterns of these standards to suit the taste of 
the toy maker, and castings will then cost a mere trifle, whether of iron, 
brass, or gnn-metal. 
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CHAPTER XXI. 



TOYS WORKED BY STEAM.— EOOENTBIO AND 

CBANK TUBNING. 

It will be as well in this chapter to give a few details of lathe work re- 
qnired to be done on the eooentrio and crank. The former is merely a 
disc of iron or brass fixed to the crank axle, the hole for snch axle not 
being made through its centre, but a short distance from it. The dis- 
tance equals half the length of the stroke or travel of the slide valve over 
its ports. This disc is surrounded by a hoop of brass nicely fitted to it. 
The hoop is made in two parts in large engines, but for models it will do 
in one. A rod screwed into one part of the hoop goes to the valve either 
direct or with an intervening quadrant, link motion, or lever. The motion 
of an eccentric is very smooth and quiet, and is always used to actuate 
slide valves of engines, and very generally in place of a crank where the 
travel required is but short. The disc of the eccentric being itself 
circular can only be turned in one of two ways. It can have a hole made 
through its geometrical centre, and then be mounted upon an arbor, 
and faced on its edge and sides, or it can be placed in a wooden or other 
chuck to about the depth of half its thickness, and one flat side can then 
be turned, and also the edge as far as it can be got at. Then the turned 
part being mounted in a fresh chuck recessed to take it, the other half 
can be got at, and if when it is mounted for the second time it is not 
driven into the chuck so far as to conceal the already turned edge, this 
will be a sufficient guide, and the work can thus be finished perfectly. 
But as there must be a groove turned in the edge, or the edge must be 
turned to a rebate, it is easier to manage when mounted on a spindle. 
There is, however, still one other plan, and that is cement or solder, 
which is very fit for a purpose of this kind, where a difficulty in means 
of chucking presents itself . 
The only reason that exists for preferring a chuck in the present in- 
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■fauuM to & spindle, U that the bole "bj wUoli it la thna monatod will not 
Mtre snbBeqnently ; and the aeDom] hole which hke to be mnde mi?, if 
at all nest to the fint, mn into it and ipoil its appBaraooe. An eoMti- 
tiio oan indeed be tnmed like the pin of a omnk (of irUoh It li »ottia% 
onlj a la^s edition) , after it ia mounted npon its axle by a hole eooan- 
tiio to ita Beometrioal aentie ; bnt, perhapi, it ia hardly to be oonddeied 
an «a^ method, or one anited to the toy ensine. I ahall apeak of it by- 
and-bye, when treating of the tnminar of the oiank axle. 

The hoop or ring of the eooentrio, if made with a projeotmy P^rt to 
leoeiTe the end of ita rod, or if made with Inga (Fig. 9S, a, and (), 
eumot eridentlf be turned 
entirely on the ontside, 
bnt on^ bored oot aoon- 
latalj. The nanal way ia 

86, ao that the two flata, 
a h, may be tnmed np 
bright, while the reet of 
the biBse ia finiahed by 
dipping, leaving it rongh, 
bnt bright and clean. 
Thia dipping ia largely oaed to Sniah anrfaoea of brMB or gnn metal, 
^ther of which i% Inserted for a few momenta only in nltiio aoid, and 
then well waahad in olean water and brasbed with a wire bmah. The 
aort of anrfaoe thna prodnoed ia very efteotive when bronght into jnzta- 
poaition with parta which have been flniahed in the lathe. All bright 
workahooldhave aooatot laoqaer applied with a bmah while the metal 
la warm to protect it from the aotioD of the atmoaphere. Braaa Uwqner 
of -raiiona tints, mote er lees golden in chaiaoler, oaa be readily pro- 
snred at the tool shopa. If the mslal be heated nntil it is Jnst too hot 
to hold, this laoqner will d^ directly. It mnit be laid on thinly and 
rapidly, otherwise it is anre to mn, and it will then beooms atceaky. It 
on^t to be qnite transparent and aoatoely appear like a Tsmlafa laid on, 
bnt rather aa if it waa itaelf the ontside skin of the metal. 

In BmaQ M^ne modela the oaatii^ of thia part is generally in one 
piece, which ia bored ont and tnmed, and fiien dirided in the line e, d. 
Tig. 96, with a thin metal saw. This mnst be monnted on a ohnek and 
bored, bnt it ia aa well flrat of all to drire It on a mandril of wood or 
metal, wood being preferable, snoh aa the now of a ohnck tnmed down 
to enter it tightly, and then to faoe np one or both of the flat sidea. Thia 



FlQ, S6.— £CCIBT 



206 TOTKAKDia FOB AICATIUBS. 

will enable the pieoe wlien put inside a ohnok ready to be bored to be 
bedded down quite flat and tme on the bottom thereof, lo that the uudde 
will be rendered tmly at right anglea to the sides when bored, and if this 
operation is done by hand, as it will be in the ease of small models, oare 
mnst then be taken to get it tme, or the eocentrio rod will stand at an 
angle instead of perpendicular to the sides of the hoop, and will not work 
the Talve properly. The whole secret of snooess in this and similar 
mechanical work consists in attention to accuracy in little details. Coni- 
cal holes instead of cylindrical ones, very slight deyiation from the sgoare 
fitting of parts, a little carelessness in chucking or in turning some 
detail which may seem of no great importance, will almost invariably 
ruin the whole. 

Forethought and distinct understanding of what you have to do is also 
of immense importance in all mechanical work. You may find perhaps 
that for want of it you are suddenly brought to a standstilL You have 
perhaps to bore out some bit of work accurately and also to shape it on 
the outside, and by doing the inside before the out or the outside before 
the in, you may find that you cannot complete the job in a satisfactory 
manner. Suppose that you have to turn a round metal ball with a pro- 
jecting tenon requiring a screw to be out upon it : if you turn the ball 
first, holding the forgoing by its tenon, you will have to turn the latter as 
well as you can to size by the aid of frequent measuring with callipers, 
and at last you must cut it off before you can screw it. Now you have 
to screw the ball in a vice or to fit it in a chuck, but the first will 
damage it and the second is not easy, as a ball is a thing that does not 
fit and hold very tightly. The fact is, the operation is better reyersed. 
Put the piece between centres, and turn the tenon and rough down the 
ball, just to give it something like its proper shape and to olean off tiie 
skin. Then you will not hurt it by gripping it in a vice to cut the screw, 
or you can trace this by hand in the lathe, the tenon being next the back 
centre. After haying out the thread and made the shoulder behind it 
quite true, fit it by the screw into a boxwood chuck drilled and tapped to 
receive it, or into a brass chuck, if you have one. The box will hold it, 
however, quite securely, and you can then with a graver turn up the ball 
very easily, and make a well-finished job of it. 

This chucking by means of its own screwed tenon is very serviceable 
indeed in model making. The better way is to work all such tenons to 
standard sizes of which you have taps or chasers, and to keep a set of 
brass plugs fitted into a main chuck and tapped each with a screw of the 
sizes most generally used — ^rising by 32nds from ^Atm. to iin. Matching 
this set there should also be one with short projecting sorewB of steel of 
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similar pitches, on whioli to moimt and finish nnts and any pieoes whioh 
can be first drilled and tapped. We have an instance of snoh here — ^riz., 
the end of the eooentrio hoop or tenon into whioh the eooentrio rod will 
have to be fitted (Fig. 96, e /). It can be turned, indeed, between 
centres, but a better plan is to drill and tap the end into which the rod 
is to be screwed, and mount it on a screw chnck of the same gange. 
The shoulder, e /, can thus be turned yery easily. The back centre can 
be brought up at the opposite side of the hoop as a temporary support, 
but this will hardly be necessary, as the part to be turned is so close to 
the chuck and so small. It is quite possible, when the hoop is thus 
mounted with the back centre to help support it, to turn up the edge 
to a rounded form, missing the lugps when the tool comes near them. But 
it is rather ticklish work, and needs a steady hand and light cut, and it 
is better to finish the part as already described. Ton can scrape it up 
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Fig. 97.— Cbahk Tuutihg. 



when on a mandril by taking hold of the lathe cord to enable you to 
stop at the lugs, but chipping or filing is preferable. 

With the cranks it is not absolutely necessary to turn up the pin upon 
which the connecting rod works, but there is no great difficulty in so 
doing. Of course, if the crank pin is at the end, outside the standard, 
it can be turned separately and screwed in and riveted, but some- 
times the crank is formed in the middle of the axle, to which it is 
eccentric, and we must then contrive means so to centre the axle in 
the lathe that its crank pin may be in thelcentre line of the mandril. 
Fig. 97 shows a very common way of doing this : B, C, is the axle first 
turned between centres at h and c, missing the crank. Two pieces of 
iron (a) are then k^ed temporarily on the ends, and in these centres are 
punched or drilled in the line a a, which, it wiU be seen, is the centre 
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uf itUiclilin: tint pioow, 
emakpbkhamhmatmtdtnm. TUmimm 
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It wfll inolMl^lw r^ilfy eoBjeetend fliaft tt« ttd» or onk will be 
liflUe to jSeld, and ao «Mve from tiie eeniraB, to tiia delinMBt of the 
wofk. Toprov«nttii]a,bloABaz«g«DeEBl^plaood betwmntiie aidea ol 
tha f— *«^f aad tho aftaohnd and p i w ii H i i mieaa, of e ouia e, take fiie 
tlmiat aa if the whole ware oae aolid bar. Few enmk pioa of model 
enfinaa are tamed, but tiiej look math better, aa niee ahooldera are tine 
made at the enda of the ezaak pin ; but mere bent wire, auoh aa fnma the 
ade of many model enginea, doea not adndt of tUa Ifanah, nor does it 
require it. Whererer it can be done, and thia ia the oaae in meet 
enfinaa, the etank ahoold be like A, Fig. 100, at the ex lre mil j of the 
axle, to which it can be eaaily rireted. It ia made in two pieoea, the pin 
being acrewed in or turned with a tenon, placed in position in a drilled 
hole, and riveted hj a few tape of a light hammer. 

In fitting np short forked pieces, like Fig. 98, to be attadhed to the 

piston rod or slide rod to form a joint, we have 
another instance of the nse of small screw 
ohnoks. The lower part of these oonld with 
diffionlly be got at in any other way, but by 
first boring and tapping the hole for the rod, 
they can be mounted on one of these ohncks 
and turned easily enough. The long fork, 
Fig. 98, seldom needs turning, but if there 
is a boss, which would look better, it can be 
held in a similar way. Also for polishing or 
finishing the heads of screws the hollow screw 
chuck is veiy convenient, as the little screw 
is thereby secured at once very truly while 
its head is entirely exposed to the action of 
the turning tool. Enuoldejoints, like those 
of the forked connecting rod shown on a 
larger scale in Fig. 99, can be shaped on the 
outside to a great extent by grinding on an emery wheel running 
between centres in the lathe. A bar is turned to go easily into the pin 
holes of the fork. It has a squared end, which can be held in the 
tool holder of the slide rest, either vertically or horisontaUy. The 
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fork being held on, this is tamed abont while the revolving wheel is 
allowed to grind it as it is swept backwards and forwards upon its bar. 
By first holding the fork horizontally and grinding as far as can be 
reached, and then placing the bar so as to hold it vertically, the greater 
part can be got at, leaving only the angle for the file to work npon. 
At A the wheel and the joint are seen in profile, the bar on which it is 





Fie. 99.— SHAFnre Bossbs (showing Fobked Cositictihg Bod). 

pivoted being omitted for the sake of clearness. The ontside of the joint 
can evidently be got at nntil the arm of the fork is in one of the two 
positions shown by the dotted lines, and as the centre npon which the 
joint rotates during the process is fixed, it is plain that the ontside will 
be made tmly concentric with the hole throngh which the pin will pass, 
which connects this fork with the end of the piston rod. There is a 
similar knnclde joint at the opposite end of the fork, and on one or two 
other pieces, which can, of oonrse, be finished in the same way. 
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CHAPTER XXIL 



TOYS WOBKBD BY STEAM.-TlJBNINa ELY 
WHEELS AND SMALL BOLTS AND NUTS. 

This is a simple operation if the artiole is properly clmoked, but as the 
«zle is generally small in oomi>ari8on with the wheel, the latter oannot 
well be tamed by being mounted upon it in the lathe, especially if it 
is of brass. The latter metal gets into a state of -vibration, and the tool 
produces a number of ''chatters," or undulations, instead of a smooth 
surface, unless the chucking gives ample support to the metal. There 
are two chucks specially useful in model making if the outlay can be 
managed, the American three jaw scroll chuck, and he die chuck, a pair 
•of sliding dies actuated by two independent screws. With these alone 
nearly or quite all of the parts of an engine can be turned. The wheel 
of which we are speaking can be gripped by its rim in the scroll chuck, 
and the side of such rim as well as base can be faced up and the boss 
bored. Half the edge of the rim can also be got at, and then the wheel 
being reversed the other half can be done. If this chuck is not at hand, 
•drive into a boxwood chuck, face up one side, reverse in a new chuck, 
■«nd turn the other. Having thus got oS all the hard skin and made the 
wheel fairly true, it can be mounted on a truly turned spindle or arbor 
chuck, and gone over with a very light cut to finish it and make it. run 
perfectly true upon its own axle. 

You will nearly always find it necessary to chuck such a wheel by its 
rim in the first place, or, if it be an iron one, by laying it on a &oe 
plate and securing it by bolts and damps by its spokes, and then the 
edge and face can be got at both of the rim and boss. But in this case, 
as in the other, you wiU probably need three cuts — t.e., after mounting 
it, turn one side fiat, reverse, and bed down upon this and turn the other 
iSide, then mount on its own spindle, or upon a truly turned arbor, and 
take a very light cut all over it. It will by this means run true. But 
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with small brass wheels the spokes are often too light to be so ntiUsed 
without danger of fracture or bending, and a onp ohnok or scroll chuck 
becomes necessary. The latter involyes an outlay of two soTsreignB, 
perhaps, but it will saye its cost by economising time. 

The eccentric slarap of which I have already spoken must be prerented 
^m slipping off the disc. If this is made with flanges, so that the 
strap fits between them, it will of course be secured from slipping ; but 
if not, let the disc haye a shallow groove turned in its edge, and screw 
a pin into the strap so that it shall project into the grooye. This is a 
«imple plan, and yery suitable for a model. 

The directions for setting the eccentric are yery well given in a 
mechanical work by Watson, published in America, and he points out 
that the long diameter, so to speak, of the eccentric and that of the 
orank are always at right angles to each other. I copy the description 




Fig. 100.— ^btting an Eccbntbzc. 



and drawing (Fig. 100), as it can hardly be improved upon, and it also 

gives the means of finding the proper length of the eccentric rod. The 

latter, in a model, is screwed into the strap, and, if desired, it can also 

be made with a screw at the valve end with two nuts, one of which will 

lie on each side of the boss on the back of the slide valve, as in 

Fig. 101 (A), where C C are the nuts and B the screwed rod, which 

must, as explained, pass quite freely through the boss of the valve, so as 

p2 
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not to tie it in the least. By thus screwing the rod at one or both 
ends its lengrth can be perfectly adjusted. 

To find the length of the rod, put the straps on the eocentric and 
connect the Talye gear as in working order. (The back of the Talve 
casing mnst be taken off so that the slide can be seen as it works, and 
if this casing is in one piece, with no separate back, so that there is no 
stuffing box and no guide, a temporary guide must be made by soldering 
on a bit of tin shaped to form one.) Disconnect the engine, and slip 
the eccentric round on the shaft, and observe what takes place in the 
valve box. The eccentric is as yet not keyed on the shaft, and, if turned 
round, will have the same effect on the valve as it would if fixed on the 
shaft and turning with it. Doubtless the valve will uncover one port 



Fio. 101.— Setting an Eccentric (showing means fob finding length of bod). 

dear to the exhaust, while the other is entirely or nearly shut. This 
shows the rod to be too long or too short, as the case may be. If the 
port nearest the crank in a horizontal engine is wide open, and the 
other port shut, the rod is too long, and must be shortened half the 
difference only. I say half the difference, because it must be remembered 
that what is taken off one end is put on the other. When the valve 
"runs square," as it is called, or opens and shuts the ports properly, 
set the eccentric, as shown in Fig. 100, p. 211. The eccentric is always in 
this position in every case, whether the engine be vertical, horizontal, or 
inclined. The wide part of the eccentric and the crank are always at 
right angles to each other, excepting such departure from a right angle as 
the lead and lap takes off. Fig. 100 represents an eccentric without 
lead, working a valve without lap. (This will suit a model.) Such a 
coincidence seldom obtains in practice, and the true position of the 
eccentric is shown by the dotted line, a. This indicates that the eccentric 
is turned on the shaft a little away from the crank, thus pulling open 
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the port in front, and driving the orank in the right direction. It will 
be easily nnderstood why the eocentrio is always in this position, when 
it is borne in mind that the eocentrio most commenoe to open the TaLve 
a little before the orank gets to the centre ; in other words, the eccentric 
mnst commence its stroke a little ahead of the crank. 

It will be seen from the above directions how mnoh more convenient 
it is to have the steam chest or valve casing made as a box withont top 
or bottom, and to have the back separate. In this way, at any time, the 
latter can be taken off, and the action of the valve seen. If the sides 
and back, on the other hand, are a single casting, and it is desired to 
examine the valve for some defect in the working of the engine, it 
becomes necessary to clamp on a gnide of some sort to keep the valve in 
position as it slides to and fro over the port faces. This is not of any 
great importance in a very small model, where it is advantageons to have 
as few pieces as possible to connect together in building np the engine ; 
bnt in a larger model, or in an engine of nsef ol size, it is far better to 
have a separate cover or back to the valve casing ; and the same bolts 
which hold the casing to the cylinder secure also this loose back, so that 
there is no more trouble in putting it together. 

It will be neoessary to have a hinge or knuckle joint between the valve 
rod and eccentric rod, but no g^de is required here, as it is with the 
piston rod and connecting rod, the stufi&ng box and the uudde of the 
valve casing serving the purpose well enough in practice. These joint 
pieces are best made separate for models, and can be filed out of suitable 
bits of brass, and then drilled and tapped to receive the ends of the rods 
to which they are to be joined. 

Small bolts and nuts can now be cheaply purchased by the dozen, 
beautifully made, but the bought ones often do not suit special cases, and 
then it becomes neoessary to supplement them by home made ones. For 
this purpose the best way is, if possible, to use six-sided steel wire or 
steel bar, as the bolt heads and nuts are then ready shaped, and the diffi* 
ouliy of forming them by filing is thus escaped. But this steel is not 
always at hand. It is, however, well worth keeping in stock for the 
purpose of making small punches, chisels, tumsorews, and other artidea, 
and in that case any bit of round bar of iron or steel must of necessity be 
substituted. For such a job as this the die chuck or grip chuck is ol 
great service ; or, in default of these, a small bell chuck, with six or 
eight stout gripping screws. This chuck is often badly planned* It 
should be very thick in proportion to its size, and the screws should be 
of steel, with squared heads, to which a good steel key with cross handle 
should be fitted. The holes for the screws should then be recessed 



214 TOTMAKnra tor aicateubs. 

by means of a pin drQl or pylindxioal oonntenink, bo that in a general 
way the lorew heads hardly project aboye the general snr&oe of the 
dhnok. A veiy nsefnl ohnck of this class is one made of steel, and Sin. 
in diameter, bored to lin., learing, therefore, an inch thiokness of metal. 
The holes should be countersunk to iin., leaving a screwed portion of 
iin. The screws when quite down to the centre, or all touching, should 
just bed down with the underside of their heads resting on the metal at 
the bottom of the recessed holes. Allowing iin. of length for the 
squared heads, therefore these should nerer project more than about that 
distance, even when a bit of stuff of the full diameter that the chuck 
will take is being worked. Made thus, there is also no fear of splitting or 
bursting the chuck, though the feat is easily accomplished witii one of 
oast iron when not sufficiently thick, as the strain is yery great. If cast 
iron be used it will be better to haye forged rings shrunk on the outside 
to preyent this liability to burst. 

In making a screw bolt, grip a bar of iron or steel in one of the chucks 
named, and reduce it wifch a grayer to the size required — a yery simple 
job if the grayer is in condition to cut as it ought to do. Let the rest be 
as close as possible to give proper support to the tool, and take care to 
hold it steadily. Should the screw be so long as to need the support 
of the back centre, make a centre at the end with the point of the 
graver as it reyolves, and bring up the poppit. Ton muat make thii 
hollow centre after mounting it, but if you want it deeper, begin it with 
a graver to get the position correct, and you can then deepen it by 
holding a drill against it. But you may easily turn down a bar of iron 
or steel — especially the latter — of iin. diameter, and projecting 2in. from 
the chuck without the back poppit, and reduce an inch or more to a 
diameter of iin., or less, if you use the graver deftly : the grip chucks 
are specially intended for such work. Turn the bar, then, to the required 
size, and proceed to screw it by means of a screw plafce or die stock, if 
it be too small to chase safely with a comb or screw tool. 

The best screw will be made by stock and die. There are some very 
neat and light German or Swiss screw stocks with split dies, and made 
with finer threads than the Whitworth standard, which do this kind of 
work capitally. There is no need to remove the work from the chuck 
or the chuck from the lathe mandril, but the latter may be done if it is 
thought more convenient. Having cut the thread (and in doing it take 
care not to bend or twist the screw, which is but too easily done with a 
common screw plate), proceed to turn the head, and then cut it quite or 
nearly off with the graver, taking care to leave the right hand side of the 
neck or notch thus made quite flat, as it will of course be the top of the 
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Borew head. If jaa liave a diriaioii plate to the lathe yon will now, as 
in 80 many other instanoes, find it of aenrioe, beeanse when yon haye 
tnmed np the aorew head yon can mark it with six lines to gjiid^ yon 
in anbseqnently shaping it as a hexagon. 

Bnt if this convenienoe is not at hand yon may finish ontting off the 
screw, and then hold it in the vice in copper or lead damps while yon 
file np the sides of the head. This is always considered a difficult job to 
execute satisfactorily, bnt will be &cilitated by the nse of a nnt gauge 
— a notch of 120deg. angle, filed in a bit of sheet steel or tin. This will 
be the angle of each angle of a six-sided nnt or bolt head. Another 
reminder is that each side will equal in length the radius of the circle of 
the head. Suppose, for instance, the head is iin. diameter it will be iin. 
radius, and each of the six sides will be the same. File a flat, therefore, 
to begin with, till its length is iin. or a little less to allow of finishing 
with a fine file. Then take the nut gauge and, laying it on the bolt head 
with one edge just over the flat already flled, scratch a line by the other 
edg^ for the second face, and proceed to file this, testing it for length and 
angle, and thus go round the entire six sides of the head. It is advisable 
to make a few bolts and nuts, with heads fin. or Iin. diameter, before 
constructing the very small ones used for models, as this gets the toy- 
maker accustomed to the work. Simple as it seems, this is not work in 
which success is to be exx>eoted in a first trial, especially if a bolt head 
is not more, perhaps, than iin. or fin. diameter. Hence it is better to 
procure for the purpose six sided bar and wire, and to turn down the part 
needed for the stem and screwed part of the bolt. 

Yon must, of necessity, make the bolts singly, but can generally manage 
to chuck sufficient length for two at least, so as to enable a second, or 
even a third, to be turned after the first has been removed ; bnt with nuts 
the case is different. You can drill a length of rod sufficient for two 
or three, and tap it, and then file up the six faces before cutting any of 
them off. The best way is to mount the stuff as before, drill and tap it 
while still in the chuck, and then notch it deeply with a graver at equal 
distances. Then, if you have a division plate, mark the six lines, ruling 
them along the T of the rest placed level with the line of centres, and 
next either saw off and file up each separately, or at once file up the faces 
and saw them off, afterwards mounting each on a screw chuck of suit- 
able size and thread to turn up the faces truly. In large establishments 
the six faces are cut on a special milling machine, a lot of nuts being 
placed upon a spindle side by side, and made to traverse under the 
cutter as it revolves. The machine has its own dividing plate, so that 
there is no practical difficulty in getting the sides and angles correct. 
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Nicely finialied nnts and bolt headi oonizibiite not a little to the smart and 
workmanlike appearance of an engine or other model, though amateurs 
generally make them yery carelesaly, as if thqr were of no great import- 
ance so long as they held the work together firmly. Eren this, howeyer, 
they will fail to do if the faces of both are not flat and tme, as the bearing 
will otherwise be bnt partiaL For this reason both sides of every nut 
should be tamed in the lathe to render them perfectly parallel, and the 
holes in the parts of the engine which are to be secured by such bolts 
should always be sufficiently large to allow a little play. 
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CHAPTER XXIII. 



TOYS WOBKED BY STEAM.— LOCOMOTIVE 

ENGINEa 

Havino detailed the oonBtrnction of stationary engines and the varions 
fittings, we will now treat of the looomotiYe. There is no yery great 
difference between the two, most of the parts being common to both. 
Bnt in a locomotive we are, in reality, using a pair of engines worked 
l^ one boiler, each being complete with its cylinder and slide Yalye, 
eccentrics, connecting rods, and reversing gear. The mnlti-tnbnlar boiler 
is, however, essentially a locomotive boiler, and, of course, the arrange- 
ments of the parts are, in a great measure, peculiar to the special type 
of engine. Such engine is, however, easily convertible to the kind of 
work a stationary engine is wont to perform. 

In the simplest form of locomotive we can dispense with everything 
but the boiler and the cylinder, or pylinders, if the latter be of the oscil- 
lating kind of single or double action. Some catalogues advertise these 
with one such cylinder only, but they are not really worth buying or 
making, and we need condescend to nothing less than a pair of single 
action cylinders to drive the little locomotive. To commence with the 
boiler. This will be made of tin or of brass tubing, the latter being, of 
course, preferable for strength as well as appearance. In the little book 
called " Engines, How to Make, Buy, and Use Them," there is a drawing 
and description of a locomotive boiler made of brass tube, the under 
part being out away at the bottom, and a flat piece soldered in above the 
lamp. Though this somewhat destroys the symmetry of the tube, it is 
the best plan if brass be used ; but if the boiler is made of tin or of 
copper, it is, of course, easy to give it a flat, arched, or oorrugated 
bottom, the object of the latter being to increase in the simplest manner 
the heating surface ; for it may be remarked that the general difficulty is 
to keep up a sufficient supply of steam without raising the wicks of the 
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lunp nndnlj high, tha reault of lAioh U ui orerflow of sptrita of wiiia 
or iwphtha— a gnt,t meaa on the table, with «ome riik of prodaaint 
a dinstrooi oonflafrnttloii, and tha dimptioa of the boilei bjr melliiig 
tiie Bolder. 

It miij b« a* wen, peibap*, to Bketoh a few boilen toitaible for amell 
looomotiTGi before going fnrtber, if onlf to ihow bow mnoh aoope than 
is for ingeniooB adtiptaldon of » few duple ezpedienti to tb« deeited end, 
which U to gire H miibh befttiDg inrfaoe u possible, M M to make tha ma«l 
of the ■ooToei of he«t »t our diapoaal. Fig. 103 (A) ahowa a oroia aeotion 
of a boilei' of atnmg tin plate. The upper part i» meielj a atiaight atrip 




Pra. 102.— Tin 



a aenu-dHmlar form, and tnmed ont at the lower adgea lUn. 

for tba pnipoae of attaohment to the footplate or frame of tile 

M well as to gire a good bed to the solder. The bottom fi 
plate Bimilatly bent, and the edge tnmed out a little wider, 
n. The same igan at B shows the two parts tc^etlier, and it 
aeen by the lines repreaentdng the water bow the lattei is dirided 
1 side into oomparatiTel; thin layers, and how mnob is expOMd 

lower plate, under which tlie fiames of the lamp are to pll?. 
tted line of A. ahowa tJie plate tamed out Ma. all round to reoeire 
t end of the boiler, bat if preferred, thia may be turned up 
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inatead to embrace the tube. The joint will be all the neater and 
stronger thereby. 

To solder the long seams so as to giye the ntmost strength, they shoold 
haye a thin layer of solder carried along the &tces that will be in contact 
before the two are pnt together. Then, if placed in position, and a well 
heated iron carried along npon the npper one the solder will be melted, 
and the whole breadth (tVin.) be soldered. The additional ^in. of the 
lower plate can then be tnmed np over the joint and neatly laid down 
by the hammer. This seam no amount of steam pressure can rend 
asunder. But at the same time we mnst remember that the strength of 
a boiler is the strength of its weakest part, and not of its strongest, and 
we shall not make quite so satisfactory a job probably of the attachment 
of the ends, owing to the peculiar shape of the cross section. We must 
do the best we can, however, in fitting on these two crescent-shaped 
pieces. On the whole, it will be as well not to make these the counter- 
pof t of the ends of the already soldered tubes, but to make them semi- 
dronlar, and to bend out the tubes all round to about ^in. Then, haying 
tioneflidus bit, which has been so turned out, lay it on the 8emi>oizoular 
plate^ the curved part of which is made to match the curve of the upper 
pari df the tube, and solder it on securely. 

ffridll be as shown by C in Fig. 102, where the shoulder part is, the 
semidronlar end coming, of course, a little below the crescent-shaped 
tube. Then in the end nearest the lamp («.«., the hinder one) out out a 
place to allow the tube of the wickholder to pass it if found necessary ; 
but the wicks should not touch the boiler, or the flames will lose power. 
The semi-circular ends will have a better appearance than if orescent- 
shaped, otherwise it is not of much importance which form is adopted. 
But there is one way by which you can get a folded joint as well. Cut 
out a crescent to overlap a little the turned-out ends of the tube, and 
bend it up all round so that the tube fit nicely just inside it. Then, when 
well fitted, tin as before, solder, and hammer down all round. You will 
do this more easily if, with a pair of flat nosed pliers, you first bend 
over the tin little by little. This done, cut out a pair of semi-circular 
plates, and with just a touch of solder here and there solder them on 
outside these crescent-shaped ones. Neatly done, they will be almost like 
a single plate, but you will have gained the advantage of a good folded 
seam to the boiler. 

Tinplate work is simple, but it needs a little practice to make nice 
joints. One hint I may give on this point is, never to use too much 
solder, it should be a mere thin film, so that the plates may come as 
nearly into contact as possible ; a. thick layer is not only clumsy iipi 
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iVptkmuM, bat datMta Ua own ob}eot b; kMpins ^^ P*)^ Mandtt 
whiob oo^t to be nnited. The fanneL, which wDI, of ooona, be mIcM 
•nbMqnentlT, hai no aonnaotionwith tha lamp dimmber oiwith the uuide 
of Uie boiler. It ii, in Uiie oue, added for i^peanuioe take, but ia eaa«o- 
tiall; a make-bdiere, of no nae whatever. 

Let na now pau to boilec No. 2, in whioli we ihall impzvwa a 
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^ppeara in Fig. 103. We have hare a roond t 
braM, «i oopper, but there i» now an additional inolined tnbe inaida ii^ 
wUeli ia prefenbly oonioa], the Uigei end below Jnat otbt tiie biggwt 
wiok ot the lamp. This tnbe ende at tiie baae of the funnel, wMeli will 




otavj oS the tmoks, if any, and the heat of the lamp will n 
ohieflf oonoentiated in the inside tube. Other wioka a 
be added ii the flnt pniTS Inanffioieiit, bnt aa the flams mair now be ol 
good eiie, one wiok will, in all probability, answer the porpoie. Thi* 
Ixdler, whethei of tin or brasa, it not more diffionlt to make than the one 
laat deacribed, bnt ie a fitter anangemeut for one of larger rise than 
omtemplated in the previona deacription. Of atont tin, it will be fonnd 
a very good pattern ap to 6in. long by 3in. diameter, and abonld keep a 
pair of oylindeia of fin. bore and l^in. atroke at work wiUiont any 
difficnilty. 

The next drawing (Fig. 101} showa two moh tabea, aaeh otbt iti mm 
lamp wiok. We do not have two tannela, bnt the wiok neareat t3i« lamp 



) WOXEBD BT STEAV.— lOCOMOItVB 01001X8. 



2S1 



OHi have tb» famm which aioap« from it oairisd oil b; the littU pn- 
fontad oap B, whioh will ataud m a num-hole or look-np lafetr tbIts, 
•Dd will sot, theiefoM, kppskr ont of pUoa or muighay. A bdl«r Uks 
this with two tobM will ke«p up m good amount of ataam, and here again 
BO diffloulty abonld ariae in (xmatxnotiiig it. This, howerez, will b« best 
■ude of braia tabe, and the matenala sboiLld oonsift of a length ol tnte 
ftii,, din,, or 4iii. in dinmoter and din., 4ln.i or Bin. tn loogth, uid two 
imat ends, whiah will require to be tamed in the lathe. These are 
•applied by the ahopa to anit different aim of tnbe, and in anbitanM are 
abont iin. thiok, ao that gang* tapa and dmilar flttinga can be fitted b; 
Mtewing them. Fig. 105, p. 222,«howsanehadiiainp]anand teotion. It 
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win be Been that it ia nude wiih a Ba&ge, whioh ia to fit exaotl; inaidetite 
Mida of Uie tabe, so that with solder it can be well aeonred and made 
(team tight and atrong. 'Hie more fluige it has the better, and only 
•nlBaieDt thieknees need remain to form a neat head, slightly larger than 
the tnbe, to gire a nioa Qnish. If wall done, not a vestige of aoldei will 
^pear on the ontaide, and the joint will be qnite invisible. This ia, 
oonaeqnently, far better than using tin, which has to be turned np and 
hammered over, and ia not ao easilj manipulated, eepedallj U the toy- 
maker has not a good aet of tinman'a toola, and a fair share of ptaotiaal 
knowledge as well. Horeover, by nslnff brass we are enabled to aorew In 
aU the aereral fitting*, even on the tnbnlai part, if a fine tap be nsed 
to form the thread in the aereral holes, and if aolder ahonld be neoaeiary 
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at all, this is quite as easily used upon this material as npon tin plate, 
if the spot be first tinned by rubbing a little solder npon it, using as a 
flux either rosin or Baker's Fluid. The latter is probably muoh tiie 
same as a solution commonly used for work in sine, which, indeed, will 
answer as well if the other cannot be had. Cut up a few bits of dno 
plate, and drop one by one into a jar of hydrochloric acid (known ss 

spirits of salts), continuing tliis till 
the add will dissolye no more. Then 
dilute with water, and drop in one bit 
more of the sine, which will most 
likely also be consumed in time, but 
insures saturation of the add. The 
amount of dilution may be fiye or six 
times the bulk of strong acid, or eren 
more. A solution of sal ammoniac 
will also enable the solder or tinning 
to attach to dean brass. 

The ends of the boiler may be held 
for turning in a boxwood chneky and 
the larger part or outside faced. iq;>, 
first with a pointed tool or raimd*«Dd 
tool, and then with a fiat one. After 
this the metal is reyersed and the 
flange turned accurately, testing the 
size from time to time by holding the tube against it, which is to form 
the body of the boiler. There is no use in turning further tha& this 
flange, and the rest may remain rough. Having done this, tin the flange 
and also the inside of the tube, using just so much solder that the one 
will bardy enter the other when cold. Then, if the plate is laid flange 
uppermost on a piece of hot iron, such as the top of a kitchen stoTS^ 
and tha tube is placed in podtion and hdd by a woollen doth to protect 
the hand, the tube will presentiy be able to be pressed down close on the 
flanged plate, the solder appearing, as it melts all round the joints but in 
Tcry small quantity, unless too muoh has been used. Slip a bit of tin 
or a kmf e under it to asdst in lifting it, and set it adde for a minute 
or two on a cool suifaoe, continuing to press it, and you will find a bean* 
tifully neat and strong joint, and the end will be quite securdy fixed. 

Boilers with a number of horizontal tubes, although superior in aotkm 
to those previoudy described, are muoh more difficult to make, and almost 
too costiy and troublesome for a toy locomotive, except only in 




Pie. 105. — Disc with FLuras, 
FoBMiNQ End af Boilsb. 



where the real engine is to be very dosely imitated. This dasB, howeYer» 
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belongs rather to models than toys. Sach boilers require fi[re ftnd smoke 
boxes at the ends beyond the part containing the tubes, «nd they oan 
only be added safely by brazing or riveting. 

After the two ends of the boiler (made as described of brass tube with a 
pair of flanged ends) have been neatly soldered on, the whole is generally 
mounted and turned in the lathe ; but this will not be necessary if the 
flanges have been turned already, and the outsides also nicely faced oyer. 
If any solder appears it must be gently scraped off, and with finest 
emery doth a good face can be put upon the whole by hand ; then a 
leather, with a little fine dry sifted whiting, ought to finish the outside 
completely. But, left thus, it would very soon tarnish, and it should be 
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warmed and a coat of lacquer applied thinly at once, which will preserve 
it from the ozydising influence of the air. The fittings of this boiler, 
such as safety valve, man hole (by which to fill it), gauge taps, and other 
usual accessories, need not be here detailed, as they have been minutely 
described already in treating of stationary engines. All those which are 
fitted to screw in will need a thin leather, lead, or copper washer, or a 
little red or white lead smeared over the parts which are to come in 
contact, and which are to be made steam-tight. 

The lamp, which in this case is to serve as the furnace or fire, is gene* 
rally made like Fig. 106, p. 223, a long tube from a reservoir being fitted 
with wick-holders at two or three places. It is suspended by means of two 
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flat luwM et tMtal, A Mid B, wbioh hang npon ttodi »t tlia two endi 
of Hie boQar, tb» tnbfl ooming iiiid«niMUi the lattar. When there U ft 
tender — eapeoullj if tliu bt made upezkte'knd kttaohed bj tha nnul link 
or <diun to tJia «iiiii»— thia nwj Ter; mil be mads to fulfil its own 
proper ofSoe Mid to oury the fuel, bainK, in hot, the spirit l o aonoi r. 
It ie iketohed here in Fig. 1D7 with m wiok-holder attaohed. Beinf 
M|iw»t«, the wioke mui 1m got »t foe trinming, which wontd present a 
diffltnilty if the engin* Mid tender w«re nude in one luioa. In all dmm 
let the wioke be tdghUy paoked into their reapeodve tnbes, u ilie q^t 
will then riae bj o^iUu^ sttrBotion tact enongb to bom freelj, bnt not 
to overflow. 
Having daoided upon the Mnd of bmler and lunp, the xmt ootaadert' 
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tion will be the franm^ whioh is to eany the boilet and mpport the 
wheela, and whioh is also naed in to7 looomotivea to beu the o^lindras 
with th«JT steam blooka and fittdngs. These cjfindem are, in the simpler 
models, generallj placed at tiie wrong aid — viz., olose to the tender, or 
aotiiall7 Attached to it, when the latter is inolnded in one ftwne with 
the enpne, bnt tiiis ia merelj for eoonoinj in arraaging the steam pipe 
and for eonvenienoe, and ao long as the little en^e doee not refuse to 
tiHTel, the jonng owner of it is soareelj likely to qnarrel with the maker 
for BO arranging ita detaila. The framing, if anpplied from the ahopa, 
will aonaiat of a base plate and a pair of side framea to attaoh to it by 
small screws, or of a bsee plate with a central oanlj to reotire the 
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boilsi and aide uid front tiunni in t, lingle oastin^. It ii seneiall; 
possible with a, UMa oontrivaooe to find a, homely aDbatitata for thla 
part, but oaatdngB aie aheap. If a sheet of biase qul ba obtained Mn. 
thick, jon nia7 build up a very good frame by bending Juwn the twa 
taitm iOaB to form the aide (ramsa, )-ie Fig. 108(A). Bnt to bendbrau 
jonhavs to annealit by heating it red hot and tbes letting it ooolalovlj. 
Yon mnst not tbink yon oan bend it while red bat, as yon would do il it 




were !rcm t (or Ton wonld find it break off inrtantly. Let it oool, And 
It win bend eaaily, and aFter haying bent it yon can pnt it orer a sharp 
edge, or hold it in a tail vioe, and nith gentle blowi get a nloa aharp 
bend, which, when tnrther finigbed nith a file, will not look like a bend at 
in, bat have aa good an appaaratuM aa If it wees a properly made casting. 
It mattera little whethat yoo bend down in this way the udea or tkernds 
of the plate ; only, if you prefer the former, they tanst b« markod oat t» 
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form bearinfi^ for the wheels, and be shaped aocordingly. It is not ab- 
solntely neoessaiy to bend down the ends at all, and a larfl^ nnmber 
of enfl^es have only the flat foundation plate with the two side frames, 
bnt the ends serre to fix buffers and give a more oorrect appearance to 
the toy. 

The flat plate, before being thus bent, will have the form of Fig. 108. 
The shaded part is that to be cut away, the white part beiog the plate 
that will ultimately remain. Take the plate you design to use, and 
luunmer it on an anvil all over, rendering it as flat as possible, and then 
file or grind it to a true surface. You need only put a finish on the 
upper side of it. Now draw your centre lines exactly at right angles to 
each other, C D, B E. You will notice that B E is not in the actual 
centre line — i.e., not eqni-distant from both ends — but this is because 
you have to leave an extra length at the tender end to form the footplate 
for the engine driver to stand on, and for another reason, to be pointed 
out by-and-by, and B E is more convenient where placed, i.e., as the 
centre line of the remainder of the bed plate. If the whole plate is Sin. 
long, you must not have less than l^in. of it for the footplate, and then 
it will divide as shown, the centre line B E being Sin. from one end and 
2in. from the other. On each side of these primary lines we have to draw 
others as shown, t j and k I for the edges of the sides, forming the side 
frames ; ah, g h, are the lines to show where the plate is to be sharply 
bent down to form these sides, c d, «/, the sides of the hole to receive 
the boiler ; F H, G K will form the ends of this hole, and also the centre 
lines of the wheel boxes to take the axles, this being for a four wheel 
engine. These lines wiU fall half way between 1 and 2, and 3 and 4 
respectively. 

It is of the utmost importance to draw all these guide lines isith great 
•care upon the plate and to work accurately to them, or the wheels will 
be untrue or some part crooked, and the probable result will be that the 
•engine will refuse to work. You may also mark a little cross line, 5, 6, 
7, 8, to show where the side frames are to be drilled for the axles of the 
wheels, but you may have, perhaps, to test the accuracy of these after 
It^ending down the plate, as you may possibly spread or stretch it more 
on one side than the other. The hole for the boiler may be made by 
•cutting with a sharp chisel or flat punch, or by drilling rows of holes and 
then cutting with a small saw or punch, the file being used to finish, and 
remember you will have to use a three square file to get into the comers. 
You wUl have a difficulty in bending nicely the part which is to form the 
eide frames if you cut the latter first to the curve here delineated, 
l>ecause the plates are thus rendered so narrow. They should not be out 
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farther than about M N before bending, so as to leave them Baffioiently 
broad to bear the prooess easily, and a half round file will snbaeqnently 
finish them to the required shape. 

The plate should be as mentioned, i^in. thick, to allow of sufficient 
filing after it is bent to get nice sharp edges, and you will hardly succeed 
with a lighter plate ; and, if you are making an engine of larger size— over 
6in. — a casting should be used, as providing a more satisfactory article 
to work upon. We have always, in these toys, to consider the weight, 
and to diminish it as much as possible, as our driving power is at best 
too limited, but by the time a plate, originally i^in. thick, has been filed 
and groxmd and finished to a nice surface, it will hardly gauge more than 
Ain., which will do well enough, but when the boiler is half full, and a 
fresh supply of spirits in the lamp, it will be found to need nice fitting 
and a very tolerable pressure of steam in the two cylinders to drive the 
engine. The cylinders should be of iin. bore and fin. stroke, even for an 
engine 4in. long, with a tin boiler and a foundation plate, worked down 
to -iam. or ^dn, gauge. The 6in. engines are worked, indeed, with cylinders 
of this size, but are rather apt to hesitate in their progress unless upon 
a very level table, or upon nicely made metal rails. 

To finish the top surface of the bed plate you can buy a very effective 

little tool called a matting punch, which, however, should not be used 

until the plate has been brought to a bright &tce. The punch will indent 

the surfoce in a regular pattern, making it look more like the roughened 

surface of the footplate of a real locomotive. Having satisfactorily 

accomplished this foundation plate, taking care not to cut the place for 

the boiler so large as to let its bottom interfere with the axles of the 

wheels or with the tube of the lamp, we have to decide on the position 

of the cylinders, which are to be single (or double) action oscillating ones. 

The second object alluded to in making a footplate l^in. long out of the 

whole Sin. of such plate is to get room for the cylinders to act on the 

hinder wheel. Even then, if you have them lin. long and fin. stroke, 

they will partly overlap these wheels, and it will be the same if you place 

them in front or between the wheels. This necessitates a longer crank 

pin, and the steam blocks against which the cylinders work must be thick 

enough to place them dear of the wheel. These blocks are to be fixed to 

the side frames of the footplate, as far back as you can get them. For 

snoh an engine you can use wheels l^in. diameter or a little more, and 

the oronk pin will have to be inserted in one of the spokes at a distance 

of fin. from the centre of the axle to give the fin. stroke. The two steam 

blooks which are to convey steam to the cylinders are connected by a 

straight tube passing under the footplate from one to the other, and 

Q 2 
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from the middle of this, and fonning a T with it, rises throngh the foot- 
plate the main pipe to the steam chamber of the boiler, into which it is 
made to enter as high as poiisible above the level of the water to avoid 
priming or getting water into the cylinder from the spray cansed by 
ebnllitian. If the boiler has a steam dome above the general level of ita 
Oylindrioal portion the bteam pii>e is tnmed np into this, so as to be still 
further removed from the water. The small engine, however, nnder 
consideration will probably not be made with a dome. 

AlthoDgh, in point of fact, the use of brass for the footplate and of 
brass tnbe for the boiler has been mentioned, a tin boiler and lamp is 
amply good enough for so small a toy, even if, for the sake of stiffness, 
the footplate is made of the first-named metal. This snbstance is light 
and cheap, and may be had of any degree of thickness that may be de* 
sirable. When japanned green or bronze colour it has, moreover, a suf- 
ficiently attractive appearance. The wheels are always of brass, as th^y 
require to be nicely turned in the l&the, and should be made with a flangfr 
or raised rim if meant to run on a line of railway. Moreover, when thua 
made they have a more decided locomotive look about them, and good 
looks count for something even in these days of education and science* 
The axles will be of wire and quite straight, and may be attached by 
solder, if necessary, after being inserted in a neatly drilled hole in thfr 
boss of the wheel. But here again an improved method is to tap the- 
boss, out a fine screw upon the wire, and screw the wheels on. Care,, 
however, must be taken not to make a loose fit, but rather to file the enda 
of the wire axles slightly conical, so that they shall screw up very tightly. 
They can be very nicely adjusted in this way to run just dear of the- 
frame,, and yet to have no more play than absolutely necessary. It is 
not generally required to make such small axles with a shoulder at the 
bearings to prevent motion sideways, but if it appears desirable (and it 
is no doubt a safer plan), this can be easily done by careful filing, allow- 
ing the wire a size or two larger at the onset so as to permit of this 
reduction. For the pair of leading wheels, xmconnected with the driving 
power, such precaution will certainly not be necessary. The only object 
of this extra work is to keep the driving wheels accurately in place, so 
as never even for a moment to touch the side frames. 

The oscillating cylinder not requiring a slide valve or an eccentric, 
the toy maker will escape in the presenS; instance the adjustments, which 
in a slide valve engine are apt to give trouble. There is, in fact, but one 
rod to adjust at all, namely, the p78ton rod, upon the end of which is 
screwed a little brass knob drilled through to fit upon the crank pin of 
the driving wheel, see A B, Fig. 109. The only chance of failure 
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tt this point, tharefoTe, ia from havii^ tha orank pin so fmr fiOM the 
<MiktE« of the nieel that it jamba the piston against tha ends of tlw 
cylinder. The whole atroke of the onuik, it must be lemembered, wiU 
be twioe the diatanoe of the pin 
bom the centre of the wheel, and 
thia mnat be alwaya » trifle leas 
than the whole tnvsl of the piston, 
whloh ie not aotaally' to tonoh 
elthftt end of its cylinder in ita 
alteniate morement. The direo- p,o. ice.-piBios Eod, win Dbujji. 
ticns given wiU snfflce for the Snob. 

email engine, which, when com- 
plete, will be like Fig. 110. A sepaiste tender for the lamp is not 
here need, bat is a pait of the en^e itself. 

Slide TalYC IccomotiTce aie more difScnlt to make, bat a great pait of 
the eDgins wiU be similar to that last desoribed. As a inpeiior tor. 



t 




howsrer, it will deaetre a broBe boiler with two tnbea, or one with a 
aingle fine traTeraing it ftom end to end, to leoeive the wiok-holder of 
the lamp, which shoold hare two tnbea rising at nn angle, aa ahown 
in the drawings of boUers. The framing may consist, as before, of 
a baae plate of brass, the side frames attaohed by small screws, as this 
[date may now be a little thioker, and will not be readily bent down 
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to form the bearings for the axles of the wheels. Small sorews and snit- 
able taps in handles are procurable at all model shops. 

The cylinders will be made with a pair of small bosses or a flat piece on 
one side by which to attach them to the bed plate in snoh a position 
as to bring the slide Yalve and its casing on the inside next to the boiler, 
bnt as the cylinders will be attached to the nnder side of the bed plate, 
the Yalye rod will not be in the way of the boiler, bat work qnite free. 
The eccentric will be placed, as a role, jnst inside the wheel bearings, 
while the piston rod and its connecting rod will be ontside these and also 
outside the wheel. Bnt the valve rod will be snffioiently far from the piston 
rod to permit this arrangement, and should there be any difficulty, owing 
to the driving wheel having too broad a rim, it is easy to bend the eccentric 
rod so as to keep it clear. All this is, however, provided for in the 
bought castings, which, when turned and finished, will be found to fit 
into place without entailing any of the suggested difficulties. It will be 
found, however, advantageous in fitting a slide valve locomotive to turn 
the axle of the driving wheels to a shoulder where the wheel is to go, and 
to use a nut to secure it. The eccentrics can then be driven on at right 
angles to each other, and so fixed; and then the adjustment of their 
position with reference to the cranks can be managed by turning the 
driving wheels round until their cranks are each at right angles, or nearly 
so, to its own eccentric, when a turn of the nut will secure the wheels 
and cranks. Either the cranks or the eccentrics must be capable of 
a certain amount of adjustment, and it is a less awkward job to adjust 
the wheels, as these are outside, and easily got at. 

If the eccentric is to be itself adjustable, it should be made to fix with 
a little screw, but these are very liable to work loose and to get 
lost, and as the adjustment is always between the crank and the valve, 
or its eccentric, it is of no practical importance which of the two is made 
to shift its position ; and the bigger article is the easier to handle. Of 
course, when the cranks are themselves a part of the axle, as in engines 
with inside cylinders, there is no possibility of working in this way. You 
must then of necessity have the power of adjusting the disc of the eccen- 
tric by turning it round on its axle until it is in the right position, but 
this need not be done when the crank is made by inserting a pin into 
one of the spokes of the driving wheel. But if the crank is not formed by 
a pin in the spoke, but is put on outside, this crank can be the adjustable 
part. All depends on the plan of the engine. The driving wheels of slide 
valve locomotives are generally larger in proportion than those made 
with oscillating cylinders, and a slot has to be made in the foundation 
plate to permit them to project through it. The wheel bearing will be 
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just inside thia. The piston rod gnide, which is always necessary when 
the cylinder is fixed and a connecting rod leads to the crank, is generally 
a little brass eye screwing into the foundation plate, and the piston rod 
has fitted npon it a small block of brass, as shown in onr drawing, into 
which is fixed the screw, which forms the pin of the connecting rod. The 
latter in the simpler models is merely a flat brass rod drilled at each end 
to fit on the screw jnst spoken of and npon the crank pin, which is, in 
fact, another screw. This connecting rod may require to be bent to clear 
the foundation plate and piston rod guide, but this will present no 
difficulty. 

With eccentrics the toymaker should set them on in their places at 
right angles to each other. This is because the cranks are also to be so 
arranged, thus doing away practically with dead points, for one engine 
will be at full stroke when the other is at the dead points, and the 
power tending to drive the wheels will consequently be continuous. If 
both cranks were arranged to be in the same position an engine might 
chance to stop when both were on a dead point, and the engine could not 
be again started, the whole strain exerted fcending only to hreak the crank 
pin. The only other detail which has no counterpart in an oscillating 
cylinder engine is the link motion, as it is called, by which the motion 
of an eng^ine is reversed. In the case of a model it adds considerably to 
the work and difficulty of construction, and in small engines is not worth 
the trouble of making, although it may be so for large models, and can- 
not be omitted in those which profess to be miniatures of those in daily 
use upon our various railways. The use of four eccentrics is involved, 
two to each engine, and two links, with their fittings, such as will be 
presently described, with a common shaft leading from one to the other, by 
which a single reversing handle is made to act upon both links simul- 
taneously. There are several modifications, but the slotted link is 
probably easiest to make and apply in a model. 

In Fig. Ill, p. 282, A is the rod of the slide valve, which should work 
in a guide like that of the piston rod. Its end is attached to a block of 
brass fitted to slide in the slot of the link, or rather to allow the link 
to slide up and down upon it. The link has two eyes or lugs, to which 
are linked by a hinge joint the ends of the eccentric rods, B and C (i,e., 
of the two eccentrics belonging to either of the slide valves). Of these, 
one is the forward, the other the backward eccentric, and these are at right 
angles to each other as regards their '' throw.'' In the position of the 
parts, as seen at A, the motion of the eccentrics communicated to their 
rods will have no effect upon the valve rod A, as the link itself will only 
move upon the end of A as a hinge or pivot. This is the position at the 
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time the engine ib still, or with no tendency to advance or retreat. But 
when the reyersing handle or lever E, which is pivoted as shown, is 
polled back or thmst forward, the bell crank tnming with the shaft D 
as its centre, throogh the mediun of the connecting rods, lifts or lowers 
the link nntil the end of the valve rod is in a line with one or other of 
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the eccentric rods, which is thns in a position to act on the valve rod as 
if it were a part of it, the other eccentric rod then merely cansing the 
free end of the link to oscillate. Thus, according as the forward or back- 
ward eccentric rod is brought in a line with that of the valve, it acts npon 
the latter, and the locomotive is made at pleasure to proceed in either 
direction. 

The eccentric rods are arranged as regards length just as if no link 
was present, because it is evident that when either is brought to agree 
with the valve rod, it is practically a continuation of it, as it is when 
there is only a hinged joint and no reversing gear. The circle D repre- 
sents the shaft which forms the fulcrum of the bell crank, and this is 
fitted in a pair of bearings cairied by the base plate, the shaft passing 
across from side to side under the boiler. The links here illustrated are 
straight, and they will answer as well thus, but they are of^en curved, 
the radius being taken from the centre of the shaft of the crank axle. 

At Fig. 112 a sketch is given of a slide valve locomotive complete. In 
a toy engine we can, of course, turn it upside down, and get at all parts 
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underneath the boiler easily enongh, bnt we can do more. We can adjust 
all these moving parts before the boiler is plaeed in position — a fact that 
the toymaker may possibly overlook, as he wiU be naturally anxioas to 
get the boiler fixed npon the foundation plate. But in a toy the cylinders 
and all working parts are attached to the framework alone, and the only 
oonneotion with the boiler is the steam pipe. Ton can, indeed, actually 
use any separate boiler to try the working of the eogrine, by inserting, 
temporarily, its steam pipe into the valve casing, and blocking up the 
four leading and trailing wheels, so that the driving wheels are alone left 
free to turn. Even if you use the boiler of the locomotive itself for this 
purpose, so as at the same time to test its steam-producing powers, it is 
the better plan to arrange it apart from the engine with a long steam 
pipe. Ton can then see exactly how the moving parts work, and alter 
and arrange where necessary. Then you know for certain that when the 
boiler is in its place everything will be satisfactory. 

In the sketch here given it will be seen that the crank is outside the 
wheel, on the end of the axle, and is quite independent of the spokes, and 
the wheel is inside the side framing of the engine. Many real engines 
are thus constructed, and this gives facilities for eccentric adjustment if 
you like to work by means of the crank instead of by shifting the 
eccentric. Full directions for this part of the work were given in 
describing the stationary engine, and, of course, the details are similar. 
The escape steam from the cylinders may easily be made to go into the 
funnel of this engine, all that is necessary being to carry a bit of bent 
brass tube from the exhaust port to the funnel, and then the puff-puff of 
the little locomotive will be true to the real original. I have shown the 
boiler with a dome and safety valve in one, which is a very common 
arrangement, and the two can be purchased ready to put on, the valve 
held down in the orthodox manner by a spring. A whistle is a£Bixed 
at the end next the tender, where also the steam pipe and cock and 
reversing handle are seen. Between them is the manhole, covered by its 
screw cap, for filling the boiler, and the gauge-taps for ascertaining the 
height of the water are at the end underneath (but really on one side of) 
the steam pipe. If a dome be used, this steam pipe, remember, must 
turn up inside it, so as to take steam at the highest possible point. This 
was explained in treating of the fixed or stationary engine. Difficulties 
are sure to be met with, but these will be reduced by making, as before 
advised, a good full-sized working drawing of every part before proceeding 
to the manufacture. It is impossible to work satisfactorily without it. 

In the toy locomotive the several joints must work easily, so as not to 
increase friction unnecessarily, without, however, being actually loose. 



TOTS VOBKBD BI BTBAlt.— WOOMOTITB XNQINSS. 235 

No ima ihonld itait looomotiTe essinseriiig without ""^Wng a loodal of Uio 
Und, OR aooount of the nioe fitting of bo man; parts, but Bhoold stiak 
(m a tuns to thoae with oadUatiDg oylindera until Uie band ^sta m>- 
eoitomod to the partionlai olui of work. Bat when the first diffianltiM 
Wfl pawed, and model making has beoome tolecably easy, the bett^ plan 
will be to oommanoe the eUde yalve and Teveraing engine upon a tolerably 
kcge toale, nj, with boiler Gin. or Sin. long, and aylindani of fin. to |in. 
ban. Thii will be an mgioe worth working at, and, when finigiied, worth 
looking ftt. Uoieorer, it will gire lese troable in making, beoanw the 
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difterant parte will not be ao smaU, and to diffionlt to flniah aatiafaatorily 
on that aooount. We are not all bom watdhmaken, and the small 
modeU, if of a oomplete aharacter, need watohmakeia' tools, watoh- 
maksrn' handinesH and ikiU, and, not seldom, watohmakers' magoitring 

It will not be aeoeseary to oan; looomotiTe toymaking further, io I ahall 
aonolnde thia ohapter with a desoription of a. oironlar railway, without 
which the engine department woold hardly be oomplete. The Bdvantage of 
aeiroiilar instead of a stia^ht line of rails ia that the engine can go ahwid 
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oontinnoiuly, and does not need the reyersing gear. It is not Tsry 
aatUfactory to haye to start a looomotiYe npon the table or floor, and 
oafeoh and oany it back, or tnm it ronnd every time it comes to its 
journey's end. A oiroolar railway permits i>aoe to increase ad UbiUtmf 
and a yery pretty sight it is to see a litiile model mshing along with 
its miniature carriages and trucks, without requiring momentaiy 
attention. 

The rails consist of a strip of narrow iron hoop about as thick as 
dock spring — thm hoop, in fact, which you can get anywhere. The 
sleepers are, practically, the spokes of a big wheel in which saw cuts are 
made at the required distance apart to leoeive the hoop, edge upwards. 
The wheel need not be actually made complete, but the sleepers must 
radiate towards a common cenixe. A yery good plan for a small engine 
is to get two very large wooden hoops, such as are made for children, 
but one about 6in. larger than the Ouber. Place them concentrically 
one inside the other on a leyel table, and then insert pieces as shown 
at Fig. 118, p. 235, radially, and in them make saw cuts to receiye the 
rails. These latter are shown by the two black lines in the drawings. 
They should fit nicely in the wood and stand up equally ; or, if there 
is any difference, and you are going to run the train at high speed, 
let the outer rail be the higher of the two, as it is in a railway ourye, 
to check the tendency of the train to fly off the rails owing to centrifugal 
force. 

A self-acting signal, for the railroad already described, is easy to make, 
and should stand near a neat little station of wood. A (Fig. 114, p. 237), 
shows it as it would appear, standing attached to the outer hoop of the 
railway ; is the signal arm standing ai; " dangerous ** or " stop.'* 
After haying been released by the passing engine, the arm is raised to 
this position and held by an indiarubber cord, marked G. This may be 
the finest of ordinary elastic. B is part of the bent leyer seen in the 
section on a larger scale at the second B, the signal post being double, 
made of two neat strips, kept apart and parallel by blocks (H) at top 
and bottom. When the arm of the signal is down it is caught by the 
hook at B, and the horizontal arm (E) of the bent leyer comes just 
above the level of the rail, and, therefore, will be depressed as the wheels 
of the engine pass over it. By the depression of E the hook (B) is 
drawn away from the end of the arm (C), and instantly the latter flies out, 
owing to the elastic spring, and stands at danger. It has, of course, to 
be lowered by hand until again caught by the hook of the bent lever. 
It will be found much easier to let the arm be raised by a spring, 
because if it is done by a lever direct the latter will need more power 
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to press it down, and it mnst be also depressed farther to raise the 
signal to a horizontal position. Arranged as shown, the lever can be 
balanced so that the least tonch will set it free, and the speed of the 
engine will not eren be oheoked. If this and the whistle, however, are 




Fio. 114.— Self-Actiho Sioxtal. 

to be antomatioally managed, a lever standing np between the rails can 
be made to open the whistle and also tnm off the steam, if long oook 
handles are brought down through slits in the bed plate of the engine. 
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CHAPTER XXIV. 



TOYS WOBKED BY ELECTBICITY.— FBICTIOSFAL 

MACHINES, ftc. 

In this oliapter it will be well to first define, so far as it is possible, what 
is sigziified by a onrrent of eleotridty, and then proceed to describe the 
means by which we can most readily produce it and nse it for the yarions 
purposes for which experience has shown it to be adapted. These pur- 
poses are many, and will, in all probability, become yet more namerons 
and more important as knowledge of this force and its capabilities is 
extended. The first and simplest method of making manifest the presence 
of eleofcricity is by friction, and there are comparatively few substances 
in which it does not exist in a latent condition. A stick of sealing wax 
or resinous substance affords a ready means of experiment, so does a rod 
of glass or a glass bottle, a bit of gutta percha or yulcanite (indiarubber 
hardened by sulphur) — any of these will serve the purpose. Take, for 
instance, a dry rod of glass, and give it a rub on the coat sleeve, and if 
held over a feather or light bit of paper or bran it will attract it like a 
magnet, but presently it will be repelled and thrown off, to be again 
attracted and again repelled, until, presently, the effect ceases. 

This attracting and repelling force is electricii«y. It exists in the glass, 
or rubber, or both, in a latent or invisible form untQ brought into activiiy 
by the friction. Moreover, it is plain that we may compare it with a me- 
chanical force ; it will do a certain amount of work — ^lifting and repelling 
in this case — until, in some way, a balance is attained. Then its work 
ceases until we again call the latent power into operation. Upon the 
whole, the most convenient theory, perhaps, is to consider electricify a 
fluid capable of being directed in a certain course like a stream of water 
or current of air ; but we are obliged also to recognise it as a compawnd 
' fluid or a kind of double force, quiet and peaceable till we separate its 
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otmiponent partB, when there ia no rent nntdl ihey oome ti^ethst ftgun. 
The one part is known aa poiitiTe, the othaT sa negatiTe eleotiieity. Lat 
A (Fig. lis) TepreMut a oloaaly coiled aprii^. We m^ tatA it« ooUb 
alternatelj plna and miniu (+ — ) to rapieaent pantire and negatire. 
Kow, if we atretch the ooili open, aa aeen at B, ^tax tendeno; wiU bs to 
ra-nnite, and the; wilt do so the rnsment we temore the foroe which heepa 
thsm apart. Thia ma; rei; wall lepreaent eleotiiait; aa a eompcnuid in 
which, in ita noimal oonditloii, the poaitive and n^atiTe elsmenta aie 
united, bat which by MotiQQ are made to separate, bat only to re-nnit« 
when the neoeeur; oabditionB of re-nnion are prsBcnt. 

Other oaiuea beeidee friction will destroy the balance and oanae a state ■ 
of tenaion between the poutive and negatiTe elementi of tbi* fluid, and. 
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eiCApt for experimental pnrpoaeg, friotional eleotrieity ia not now made 
nae of, aa there are more conveiiient modes of prodncinB eleotrioal 
tenaion. Bearing in mind this componnd nataie of the Quid, we may abo 
oonsideT it (aa already stated) oa a oarrent or atream, capable of flowing 
throng^, oc by meanti of, anitable oondaotors, but rafming to trarel by 
theae oondnctora unleas they are made of certain materials. Aoid and 
ealt wkter and metala are good condootora ; glass, Mrthenwais, india- 
rabber, and reginona eabstanoea are bad ones, and it will be at once 
noticed that theae are the anbatancea in which eleotrieity ia ezmted by 
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friction. It has, however, been proved that electricity can be excited 
in the metals, bnt it passes off or resnmes its normal condition so imme* 
diately, owing to their rapidly ooodncting power, that its presence in a- 
state o2 t^ension is but momentary, and does not so remain long enough 
to develop visible electric phenomena. 

In toys woi*ked by electricity the motion may be dne to attraction and 
repnlslon acting alternately by some special arrangement of the appa» 
ratna or machine, or by the cnrrort icse)? flowing in one direction only, 
and without reference to its compouTid natui'C ; or by inducing magnetism 
in a piece of soft iron, and making use of this as the motive i>ower, the 
t latter being very much used. For it is found that magnetism — ^that subtle 
force residing nauurally in the loadstone — can be induced in a rod of iron 
by causing a current of electricity to flow around it, and, on the other 
hand, that magnetism in motion wiU produce a current of electricity. 
It may be well to remark here that Heat, Magnetism, and Electricity 
are called co-relative forces, because each will produce the other as if 
they were in reality the same thing, in different states or under different 
conditions. Light is again allied to these forces, making up the quartet 
and perfecting the natural harmony. No better subjects of experiment, 
study, and research offer themselves to scientific students or soientifio 
toy-makers. 

To enter further into the question of what electricity is would be not 
only foreign to the subject of this book, but would serve no useful 
purpose. 

We must now consider the best modes of producing or exciting 
electricity. There is, first, the old electrical machine, a very easily made 
toy, and a good one. We have found that by rubbing a rod of glass the 
latent electriciiy is made to assume a state of tension, but this is practi- 
cally act a very convenieni; apparatus. It is, however^ evident that wa 
can BubstituLse a much larger rod, which then becomes a glass cylinder, 
and we can mount it upon an axle with a winch handle to turn it, and can 
then apply a fixed rubber to it. We need not use a solid cylinder, because 
it is found that electricity lies upon the surface only, so that a hollow 
cylinder vrill serve perfectly well. In most books on electricity a machine 
made with an empty wine bottle as its cylinder is shown. This wiU no 
doubt serve the purpose to a certain degree; but it is difficult to fit up, 
and generally so uneven that a rubber cannot be made to apply very 
efficiently to its surface, even though pressed against it by a spring. 
Glass is very cheap, moreover, and when a thing of this kind is to be 
made and used for scientific experiment, it is better to lay out a shilling 
or two in order to obtain materials sure to prove satisfactory. A cylinder 
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ea. Itmg MB b» bought for 9i, Sd., or laM, ud ma there i« nathinK «1m 
Itet need be pnrdieaed to oomplete the nuMhine, it u well worth Mm 
Hod^ato ontUy. I duQ therefore prwiippoee that e niutll (iMa eyiindw 
hH been pmohMed. 

Thii wiU be lik* i., Fig. 116, with two naeki, one at eaoh nd, Hsut 
to tee^e a p«r of bnsi op wooden caps (like B) to npport the aslei 
on lAioh the <7linder li to torn ; one aile to leortre the handle, (s » 
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pnlley, it » mnlttpljing wheel ii to be need. In a OMhine I mjMlf made, 
whieh warka Teiy wall, I inmed a pair of oapa of diy boxwood and tab- 
■aqnentl; coated them with aealing wax Tamiah. Thar wera drilled to 
leeeiTe a wooden aile madetopMaqnitethioiigh thsoylindei, and thena 
miw oat waa made aoroes the oapa on the ontdde of eaoh, Uke C. The 
axle D, of hard wood, being paaaad tbiongh the eapa, the i^linder ia 
■eemed bj a pur of pina, whioh lie in the aaw oati, and eompel the 
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xjyimder to tnm with it, whUe at any moment, by taking away the pin 
farthest from the handle, the axle can be wholly removed, and the cylinder 
taken ont to be dried or cleaned. The caps should be secured with 
eleotrioal cement, composed of rosin melted in a ladle, and brick dnst or 
red lead stirred into it while hot. This is ponred into the cap, the neck 
of the cylinder having been warmed, and when the latter is pressed on it 
will be held with sufficient firmness. The cap should not be too tight a 
fit, but made so as to leave room for the cement. 

It must be remembered that perfect dryness of the glass is essential to 
success. In all probability the cylinder will arrive in a more or less dirty 
oondition, and the natural impulse is to wash it inside and out ; having 
done so you discover the impossibiliiy of wiping the inside, owing to the 
narrow necks. Hence you put it before the fire, and after a while it seems 
dry, and you insert the axle and grind away, but it wiU not give out 
electriciiiy. I had a cylinder that was a great plague — dry it would not, 
but was all over dewdrops as soon as it cooled. I mastered it by insert- 
ing powdered quicklime, which, as I expected, absorbed every partide of 
<Lamp, and I never had a machine which worked so well. It exists stOl 
with its internal whitewash, and is always ready for action. A substance 
sold by operative chemists, called calcium chloride, has the same property 
in a still greater degn^ee, and might be used in the same way, but powdered 
lime is very satisfactory, and, of course, easy to obtain. Never mind the 
look of the whitewash — ^you want electricity. It is, moreover, a good 
plan to keep a dry duster similarly defiled, which will dry and polish the 
outside of the cylinder, only it must not scratch it ; and all parts of the 
machine, glass or metal, are to be kept or rendered quite warm and dry 
before use, otherwise disappointment is sure to occur. 

The stand ought to be not merely of dry stuff, but of hdked wood, and 
it must also be covered with a coat or two of good varnish to protect it 
from the absorption of damp, for, as stated before, water, espeoially if 
salt or acid, is a conductor, and will lead the electricity away as fast as 
it is produced. Instead of this we want, as it were, to bottle it up for 
use, or to lead it where we please before it has a chance of getting dissi- 
pated. Nearly all failures with frictional electrical machines and appa- 
ratus arise from dampness or atmospheric infiaences upon the material 
of which the machine is made ; and, therefore, all woodwork should be 
coated with a good varnish — that made by dissolving sealing wax in 
spirits of wine or naphtha being very generally used for this work. The 
stand of the electrical machine need only be sufficiently long to take the 
uprights which support the axle of the cylinder, but it should be wide 
«nough to allow the pedestal or support of the prime conductor to be 
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'attached firmly to it. Trae, this support is often made separately, but 
this is not so oonvenient, nor does it giye so firm a base to the oondnotor, 
which then is inclined to fall over, when for experimental purposes other 
apparatus is attached to it. Do not nse deal for the stand or for the 
uprights. It is just as easy to obtain ash, beech, or mahogany, any one 
of which is very much better than deal, which is yery liable to split, and 
is of too yielding a character for this work. Mahogany, dried or baked, 
is probably the best, bat beech or ash is satisfactory. Let the nprighte 
be fitted by mortise or doyetail, and glued into their appointed places. 
They may be cut out of the same strip, which is planed truly square, 
and then sawn across, but of course may be worked independently. The 
axle should not be merely passed through holes, but these last should be 
bushed with stout glass tubes to make the best possible job, as you thus 
secure more perfect insulation, the electricity not being able to fly to the 
woodwork and escape. Glass is always a good insulator— earthenware is 
likewise good. 

Keep this also in mind. Yon are going to exdte into activity the 
-electricity on the glass cylinder, and your object is to collect and use it. 
But the tendency of the fluid is to escape or to re-establish the balance 
you distorb. Practically, it will escape to the earth, unless you prerent 
it by leaving it no conductor to travel by. If the air is damp, as in 
foggy weather, the machine will rarely work at all, the fog conducting 
the fluid away at once. In dry frosiy weather it answers exceedingly well 
always. Another tendency to be guarded against is the escape of the 
ihdd from projecting points of metal, ^m which you may see in the 
dark that it flies off like a luminous brush. There is often unsuspected 
waste from this cause. In making an electrical machine, therefore, round 
oft oomers and place knobs upon the ends of all rods of metal, and smooth 
all surfaces as much as possible. The drawing (Fig. 116) affords fall 
instructions in the details of the simplest form of machine, but it is a 
good plan to increase the speed of the cylinder by means of a multiplying 
wheel, which can be fixed on a stud upon the right hand standard, and 
have a cord carried over a small pulley on the axle of the cylinder. 
The only practical objection to this arrangement is that cords are apt to 
get slack or to slip, or in one way or another cause trouble ; but a leather 
oord, united by hook and eye, screwed to its ends, such as can be pur- 
ohased at any tool shop, is by far the best and freest from drawbacks of 
the above kind. 

The rubber or cushion is the next consideration, and here, again, I 

have practised a rather unusual mode of construction, which is, notwith- 

^ to be recommended. We have to arrange this so as to press 

b2 
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•gaiagt the cgrliiidar m it xevolYM, and there should be lOBe oontECfMoe' 
b7< which this pieMmze om be inoreaeed or diminished at pleasme, while, 
afBin, the onshion should be readily got at for scraping, cleanin g, or tesh 
amalgamation (the latter will be explained in due course) . First maka tbe- 
faame like H H K (Fig. 116), of which the top is a flat board ^n. wide, 
on which to make a leather cushion stuffed with dry hair, quUe dry aad 
warm. L is the cushion, iin. thick, and as flat on its face as it can be 
made. H H are mortised or half-lapped into M, which is a bar of 
wood (ash or beech) a Utile longer than the cushion, which is the length 
almost of the cylinder, and it is pivoted to short upright standards, 
££, fixed securely in the stand of the machine. Thus arranged, we can 
turn back the cushion completely out of the way at pleasure. The spring 
to keep it pressing against the cylinder is of stout brass wire, about as^ 
thiok as a crow quill or stout whipcord. This is best as shown at F, and 
again at G, and the end set in a hole in the stand of the machine. It is^ 
easily adjusted in respect to the pressure it is to exert by bending it 
more or less, and it can be lifted out and removed at pleasure. There 
should be a knob at the end, but otherwise this part of the machlaa^must 
not be insulated, and it will be all the better if a brass chain is attached 
to thui spring, and the end allowed to rest on the floor. We want to get 
here as much of the earth's electricity as we can, and it is thus tipe- 
supply is kept up which we take from the glass by friction. For we must 
find some reservoir of this mysterious force, and if we were mereV to- 
get from the glass all that is about it, the result would be a mere nothing, 
a spark and no more. Now the earth is the great storehouse, whiidi is 
practically inexhaustible, and we therefore bring it into the oivonit as- 
stated, and make all possible use of the supply thus obtainable. A# 
fast as we draw from the cylinder the earth supplies more,, and we mpf 
grind away as long as we like with continuous good effect. But, at the- 
same time, I may state that we cannot keep on bottling what we obtsin. 
After a while the tension is so great that with a loud crack the balaace is 
restored, sometimes causing fracture of part of the apparatus. Natue, 
on a grand and gigantic scale, works in the same way. Electric dis* 
turbance takes place ; tension is set up and increases untQ the disdiarging 
point is reached, then come a flash of lightning, a thunder clap, and, for 
the time, equilibrium is restored, to be again and again disturbed, how- 
ever, until the storm ceases, i.e., until the atmospheric dectrioii^ hjss 
resumed its normal quiescent state. 

Fig. 117 shows an electrical machine put together, constructed in 
accordance with details already given. A is the glass cylinder turned ^ 
a winch handle, M. F F are the standards mortised into the >biMM> 
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IxMid. D ifl the loller of the muhton on the fnrtliBr lida. K iitt 
dlksn fl^i ntteohed to the onaliioii uid vmndihed cm ttie nppar idda. 
Hi ob}Mt ii to pnTent ths elaotiioity whioh is siettttd by tlie ontUon 
oc tnbbei eao^ns bafoie resohing tlM pritne Mmdnotoi, B. Thii eon- 
-daotor ii nraallf a bit of btoaa or tin tabe, kbont Sin. to Sin. diainatar, 
noimted on C, a glaw miniating pedeatil. A row of pointa of bnwi 
wiie (tuid oiLtfrom its side, and »t« awda jiut to eaoapt oontaot iritli the 
(jlindei. Th«se pdnts ooileot the elaotririty, and 1«mI it to tlie oondnotor, 
.faom whioh it oumot raadilf SBoape, beoania of the ininlatinB idllar, Tfa* 
KmdaetoT need not be of metal. A TB17 good one may be made liln Q, 
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-of wood ooatad with tinfoil, amootUy laid on, 01 ereti ooatad with blaok. 
lead, endh ai ia used foe giatee, beoanse the eleotiio flnid liee nprni' Uw 
nufaoa only. The pointa are often pnt at one end, M that aDythlng oan 
4ie huufr ^m a rod and ball fliad Into the oppoBite and. If the wmdaotot 
.la of wood eaie most b« takni that the metallio ocating tonohM H and 
thia other lod. An insnlatiDr atand ia abiolatelj neoesMty and eaailr 
Made by inserting a rod or tabe of glaaa into a wooden block. A gUaa 
ibottle ii often naed to form Boeh a stand. I hare a oondnotot made of a 
"tin tube with ronnded enda, at one of wbiob the point! are plaoed, and a 
win nan » aarew, aoldeied by iti haad to the middle of thg tnbVi gOM 
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into the oork of an empty pioUe bottle oontaming a few bits of lead, to> 
make it stand more seoniely. Kothing can answer better. Bound all 
ends, leaying no sharp edges. A door knob soldered into the end of a 
tnbe answers well for this. Where yon oannot get rid of an edge, ooat it 
well with sealing wax Tarnish. E is called a Leyden jar, and is nsed to- 
bottle up the eleotrioity, which, however, does not fill the bottle or 
saturate the air inside it, bnt only affects the surface of the metal coating, 
the latter being tinfoil pasted on outside and in, to half the height of tha 
jar. A pastrycook's jar makes a yery good one. The wire with the knob 
is passed through the cork and connected with the inner coating of foil by 
a bit of brass chain. L is a discharging rod, of which more will be said 
by-and-bye. 

The machine illustrated has by an error had the handle placed at 
the wrong end ; it should be at the other, or the cushion on the near 
side, otherwise it will turn back handed, which is awkward. If a 
pull^ is at M, however, and a multiplying wheel below, with a crossed 
eord, it will be right, as the cylinder will turn from the cushion. 
Turned in the other direction it will crumple up the silk flap. The 
cushion is coated lightly with amalgam, which vastly increases the 
effect. This can be bought at Is. per small box, but is easily made as 
follows : Melt in a ladle loz. of zinc, ioz. tin, warm, l^oz. of mercury, 
and stir it well together in the ladle. Pour this into a mortar, and when 
nearly cold (it pounds better a little warm), add tallow to make a stiff 
paste. Smear a little of this on the cushion, not too much, and with the 
apparatus illustrated you can go to work, and exceedingly *' shock " your- 
self or your friends. First see that all is dry and warm, and free from 
dust. The latter, however, will be sure to arrive shortly, as it will be 
attracted to the glass and conductor. Hang a bit of brass chain from the 
conductor to touch the outside of the Leyden jar, or hold the latter in 
your hand, grasping its outer coating, and presenting its knob to the 
prime conductor (this will not electrify or affect the holder in the least). 
If all is right, and the knob does not actually touch the conductor, a 
stream of sparks will fly from the latter to the knob of the jar, which 
will iMresently be highly charged. This charge, or electrical tension, ia 
on the glass on each side, condncted to it by the metallic coating, and if 
this coating is not pasted, but made to slip off, it may be removed, and 
will not be found to be in an electrical condition; and if another coatlng^ 
be now substituted it will answer just as well. There may be iK>s8ib]y 
some special state induced by or. upon the foil while contact remaina 
with the glass, but it is supposed to act chiefly as a conductor to spread 
the fluid over the glass. The result, however, is that positive and 
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negatiye electricity are respeotiyely excited on the inside and outside of 
the glass jar; and, to restore the electricity to qniesoence, th^ mnsi 
now be allowed to nnite. Holding the bottle by its coated or condnoting 
snrfaoe in one hand, apply the knuckle to the knob. Ton thus become 
the conductor, and receive a shock, as the positive and negative particles 
unite with a sharp crack. Stand the jar on the table in this experiment, 
or probably you will drop it, especially if it be a large one, in which case 
you will feel the shock at least up to the shoulders. 

Now, it is plain that you need not become the conductor unless yoa 
prefer it. Ton may take L, the discharger, or merely a bent wire, and 
bring the knobs one to the outside coating and the other to the knob^ 
you will thus produce a spark, but get no shock, because metal is a good 
conductor. So much more readily, in fact, will electricity pass through a 
metal conductor than through the human body, that if you take P, a 
curved brass wire, in your hand and apply the knobs as before, the electri* 
city will not fly off to the hand, but the jar will discharge itself through 
the wire. If, however, there are several such jars, or a large one, this is 
not a safe method, unless the wire is of good size, and the hands dry and 
free from perspiration. The discharger, in that case, must be made with 
a glass handle, or serious consequences might ensue ; for sometimes the 
discharge will branch like forked lightning, part goiag by the wire and 
part flying oS to the body. There is no danger of this with small 
machines, such as the reader is likely to buy or make. It may strike the 
toymaker that a Leyden jar is but a sheet of glass rolled up into the 
cylindrical form, and that the same effects would result if a flat sheet 
were coated on each side. And so it will, and this form is more easy to 
make, and will answer often better, because you can so easily dry and 
warm it on both sides. I have largely used these coated sheets of all 
sizes. But the foil must not extend nearer to the edges of the glass than 
about an inch, or the tension will sometimes cause a discharge to take 
place over the edge, the electricity leaping the narrow insulating border 
of glass. 

One advantage of a flat plate of glass is that it is so easy toooat it with 
the foil, and having so coated it, to use it as an accumulator of the dec* 
trio fluid. It is charged, of course, in a similar way. The plate is laid 
flat on the hand, which is then in contact with the foil on its under side, 
and it is held so that sparks from the conductor fall on its upper coating ; 
or it is laid flat on the table, and a chain from the prime conductor 
allowed to rest on its upper surface ; or the chain may be on the table, 
and the plate laid upon it, conducting the charge to the under side. 
In either case one side is directly and the other indirectly charged $ the 
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latter by what is called indaotioii, for if poeitiYe eleotriflilsf is made to 
aeonmiUate on one side, negatire ia developed on the otiier, and oilj hj 
the nnion of the two is discharge aooomplished and egnilibriam restored. 
The plates of glass are so cheap that Tarioos siies may he made. I 
hate them from Sin. or 4in. sqnare to 14in. or more, and one of thicker 
glass, 2ft. long by a foot wide, bnt the shock from this is not agreeable. 
The seyeral plates or jars can readily be need in oombination, by con- 
necting all the lower metallic surfaces, and aU the upper by a wire laid 
npon them, making a battery egoal to one large plate. 

Some pretty effects are prodnoed by making scratches throoffh the 
foil, or putting it on in a seiies of diamond-shaped bits not quite tosoh- 
ing each other, when, during the process of charging, the electricity 
will be seen sparkling all over it as it leaps the intervals, and when 
discharged, the whole surface is momentarily rendered Toy briUiaBt. 
Any device or names may be thus scratched through the foil and illumi- 
nated. In short, in scientific toymaking, electrical apparatus affords 
great facility for amusement and instruction, and, in a darkened room, 
the pale purple spark is yery beautiful. 

An electrical machine will often work better if a chain be hung on Hw 
back of the cushion and suffered to trail upon the floor. The cushion 
must on no account be insulated on glass supports, unless this chain is 
dsed to bring it into communication with the earth. If made as directed, 
it wiU act without such chain, as the wood is a fairly good conductor, 
but it will be still better if the onshion is backed by a bit of wire 
gauze, or by a plate of brass under the wood back, and a screw passed 
through this to touch the metal. Then, by hanging a chain on the 
screw, the conductive arrangement is yery perfect. We leam much by 
most simple experiments of this kind. Stand th machine on a sheet of 
glass laid upon the table, or upon four saltcellars of glass, or tumblers, 
or earthen jars, and you will grind away in vain. Then, while all is thus 
arranged, drop a chain from the cushion to the floor or table, and at once 
electrical effects become possible, the earth keeping up the supply; at 
any rate this is the apparent cause, and may be accepted as a satisfac- 
tory theory. Then, the secret of success is, do not let the eledrieUy get 
awa/y to earth ogam wntit it hoe passed through whatever apparatus you 
please. Keep it as your slave until you have done with it. It will give 
light and heat and motion and magnetism, and various chemical effects, 
such as separation of compound bodies and deposition of metals. 

In making a Leyden jar we coat the inside of it with foil. Will any 
other metallic conductor answer P Why not P Fill the bottle half full 
of iron filings, and you will find it equally satisfactory. Try water, 
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•MpedaUy if lalt is diasdhred in It, and the result will be the nune. Vaxy 
tiie ezperiment thns : Goat the ontEdde of a tumbler with foil, fill it half 
full of water, and charge it by dropping a chain from the prime oonduetor 
into the water while holding the tumbler by the covered portion. Bemoife 
the chain by drawing the tumbler gently away. Now drink if you can. 
The moment the water touches the lips the electric circuit is complete, 
the lips form one end of the discharger, the hand the other, and equili- 
brium is restored with a spark and shock. A small tumbler will be 
•quite enough for this experiment. Charge it again, and, holding it by 
the outside coating, dip the finger of the other hand. The shock wiU 
be felt, and more pleasantly than through the lips. All these experi- 
ments depend on the same fact — ^the two surfaces of the glass are charged 
with positiye and negative electricity respectiYely, and are then con- 
nected by a conductor, metal or water, or some part of the body, and 
discharge takes place with a spark. 

To make the toymaker himself a prime conductor. This is easily 
done. Consider for a moment what the peculiarity of the other conductor 
is. It is merely a conducting material insulated on a glass leg. Let 
•anyone place himself in a similar position, and he wiU fulfil the task 
equally well. Turn upside down upon the floor an earthenware pan, or 
place four glass saltcellars on the floor and lay a board upon them, and 
in either case you have made for yourself a non-conducting stand upon 
which to mount. Take in one hand a chain from the prime conductor, or 
lay one hand uiK>n it, taking care not to allow the clothes to touch the 
table, and you then become to all intents and purposes a part of the 
prime conductor. Now let someone turn the machine, and if anybody 
4rtanding on the floor presents the knuckle to the unhappy toymaker' s 
nose, or lip, or ear, a spark will pass from him with the same sensation 
-as that caused by the prick of a needle. While standing in this insulated 
jK>sition a Leyden jar can be charged by sparks drawn from the liying 
machine. 

We must now consider one or two other features of the apparatus i^tart 
from the Leyden jar and electric discharge. I stated the fact of attrac- 
tion and repulsion, but did not enter into details. Hang over the small 
wire of the conductor a narrow strip of paper folded so that the two parts 
touch, or a bit of silk, and turn the handle of the machine. The two 
j[Murts will instantly separate. Both are similarly electrified, and repel 
each other. Make an insulating stand by fixing a bit of glass tube in a 
^isc of wood (as in B, Fig. 118), or take a corked bottle and stick into 
its cork a piece of Inrass wire bent at right angles similar to that shown 
in A. From it suspend by a filament of silk a pith bally covered with 
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a Ut of gold leaf or tinfoil. Elaotri^ this b; plMiing H new the ooi^ 
dnotor, oi br K l»t of win nriied from the Utter to ths boriiontal 
Mm. The Ml will fly to the flngm litei being eleotrified, lod hkrinf 
thai dliotuTged iti elsotrioit; will drop buk again to ita former podtion^ 
It ii Muf to make a light bodj oecillkte hj eleottidty in this way, and 
there are many tlmple arrangements to show this phsnomenim. One of 
the oanal onM fa the following : C (Fig. 118), a di«o of metal or seated 
oardboard i* hung from the prime oondnotts, thereby beooming a part 
of it, and below it U a nmilar dise on a, wooden or metal (tand. A. 
flgnre is ent ont of papsi and laid on the lower diso, or a piUt ball is- 




Fia. US,— Elicibicil 



nsed, or a little bran. As soon aa the cylinder of the machine ia tnnwi' 
these are attracted, aa all light bodiee are, and fly op to the upper diae. 
Aa toon aa ths; touch it they beaome similarly electriflod and an cepdlad. 
No Boonei do they fall again on the bottom diao than they part with the 
charge, whiok eeoapM to earth, and thef ate at onoe attracted as befcra 
to the npper digo, aa there is more electricity in the prime oondoetor- 
than they can takft ap by a single momentary oontaot ; even after ens or 
two tnnu of the (^liDdet they oontlniie to dance up and down for a few 
seconds after the cylinder oeaaea to rcToIve, nntil giadnaUy all the eleo- 
trioity ia dissipated. We find, then, that bodice aimilarly eleotriflad repat' 
each other, and, when differently eUotiifled, are mntoally attracted^ 



TOTS WOBKSB BT ELBCTBICITT. — ^FBICTIONAL MACHIKB8. 251 

Another experiment of a eimilar charaoter may possibly g^ye a due to 
the sharp shower aooompanying a thunder storm. Hang a sponge, 
wrong ont just so much that the water will not drip from it, to the prime 
oondnotor. The moment the machine is set in motion, drops begin to faU, 
which, as the eleotrioity increases, becomes a shower. The drops being 
similarly electrified, repel each other, and are also repelled by the sponge 
itself. If the latter is a miniature representation of a thnnder-dond we 
can see why, in snch a case, the storm is produced, the doud repelling, 
while, at the same time, the earth attracts the electrified water. There is 
no doubt about the attraction and repulsion oonstituting a powerful f oroe^ 
for, if a tube is drawn out to so fine an orifice that water will not flow 
out, yet, if we electrify the fluid, it will spurt forth as it would out of a. 
squirt, and, if these experiments with such a very minute quantity of 
eleotrioity g^ve results of this kind, we oan readily conceive what will 
ensue when Nature works on so gigantic a scale. Another common experi-^ 
ment depending on the same force is to make a doll's head of exceeding 
ugliness out of a bit of wood, and adding a quantity of tow for hair, to 
set it up by means of a short wire in a hole on the prime conductor 
(D, Fig. 118) of the machine. Electrical repulsion affecting each hair 
oauses the said hair to stand on end in a most grotesque fashion. By 
many other simply constructed pieces of apparatus the phenomena of 
friotional electricity can be shown ; but in practice there are many draw- 
backs to this method of obtaining eleotrioity. The simple fact of there 
being an absolute necessity of working a handle to set the fluid in motion, 
precludes its adoption for general purposes, and I shall now pass from 
friotional to galvanic electricity, suitable for telegraphing and other 
purposes. 
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CHAPTER XXV. 



TOYS WOBKED BY ELECTBIdTY.-GALVAinC 

BATTERIES. 

With galvuiio eleoferioitj, ao long as the battoiy is in order, and 
metallio oonneotionB perfect, a oonstant supply of the electric fluid is 
maintained in the convenient form of a ceaseless current flowing throvi^ 
such apparatus as may be connected with the battery. like a faithful 
servant awaiting orders, the power is always ready for transmissioxi in 
any direction through the conducting wires. With the fluid, the toy^ 
maker has at hand a ceaseless field for the exercise of his ingen uH y. 
Telegraphs and engines, docks and bells, are but a few of the many 
interesting scientific toys which can be constructed with the least posaiUe 
difficulty, and all have this great advantage over such as are actuated by 
steam, that they need no lamp or fire. There is no danger of exploeioD, 
no liability to set up an involuntary conflagration ; hence, also, the soMer 
will not melt, and the apparatus tumble to pieces ; and one battery will 
work a number of different toys. In addition to imparting motion to 
miniature machinery, a little toy eleotrotyping and plating can also be 
carried on ; and some of the toys, moreover, can be constructed so as to 
answer useful purposes, notably electric bells, which are of very simple 
arrangement, and offer but little difficulty to an amateur electrioian. 
The one consideration (as in frictional electrical experiments) is to know 
exactly the laws which govern the force. Having studied and thoroughly 
apprehended these, it will not be a difficult matter to devise toys which 
depend upon them for their action. 

Many of our most valuable discoveries have resulted not, as has 
been so often said, by accident, but from the attention paid by men of 
scientific attainments to phenomena which less observant students pass 
by unnoticed. This was emphatically the case with galvanism or elec- 
tricity, produced by chemical agency, which proved a more valuable 
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(baoMiae more manageable) sovroe than {notion. It was noticed tiiai 
-when two metale, one moreoiidieable than the other, were immerMd in 
a flnid o^[»able of aeting upon the oxidiBable one, a onrrent of eleotrioi^ 
was Bet np as soon as metallic connection was made between them,, 
and that it ceased to flow when this connection was intermpted. Here- 
was qnite a noyel mode of exciting electricity, but it was soon proved' 
beyond a donbt that the fluid was identical with that previonslj obtained,, 
although in some degree differently disposed. It is, in fact^ when* 
thus set in motion, more truly a current of electricity than when 
produced by the frictional process. With the latter I have shown 
that we can collect it by means of a coated sheet or jar of glass, 
and then discharge it in a moment with a report and shock if the 
operator is not protected. 

The shock produced by galvanic electricity is continuous, a series of 
shocks succeeding each other so rapidly that they produce a violent 
cramp in the muscles, which may be so severe as to produce partial or 
permanent injury. It is the same'tkind of difference as exists between 
a violent blow and continuous pressure ; they are different in kind and 
degree, yet the result may be the same, namely, crushing of the 
parts subjected to the force. But however amusing it may be to give 
a friend a shock, this is not the scientific mode of using the electric 
current, and wiU not conduce to the furtherance of the art of 
toymaking— it merely shows the effect of deotneity upon our animal 
economy. 

The galvanic battery In its simplest form consists of a dip of zino 
and one of copper inserted in a vessel containing salt and water, or 
dihite sulphuric, or hydrochloric acid and water. The current produced 
by this is sufficient for some few purposes, such as electrotyping on 
a small scale, «.«., depositing metals from their solutions, but is not 
powerful enough to set in motion mechanical toys. The metals must 
not touch where inserted in the solution, but may be brought into 
contact by leaning against each other at their upper ends, or by means of 
a copper wire or one of platinum, both of which are excellent conductors. 
In point of fact, metallic connection is the requisite for the passage 
of the current, but some metals have proved more suitable than others for 
the purpose. Platinum is too costly for general use, and next to this 
copper wire, especially if covered with sflk, cotton, or gutta percha, is the 
most serviceable. This, however, owing to its commercial value, has to 
beset aside if great length is required, when iron wire usually takes its 
plaocw It is iron wire whidh is used tot ordinary telegraphic communica- 
tions^ but it is ooated with line to preserve it from the effects of tiie damp 
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. ktmoqiluM, and iB than known m gKlraiuMd win. The Eino, howcrsr, 
ThOe pMMiYiiif it (rom nut, greatlj radnoM ita tuiaila (ttength, lendar- 
ing it MmpkiatiTBlf brittla. It lomiu to p«natnta iti labstaiiM to ft 
Mrtkin axtont. 

We need •ome raadr meaju of detecting the pieaeuM of the galTMiia 
-onrrent, and a BagnaUa needle oi small aonpaas admirably anaweii the 
pnt]>OM. The womant the aan«nt b made to i^a, by oonneoting ths 
wirei of the batteiy, a magnetised needle plaoed under or abore it is 
defleoted to the right or left, etaodltig, if the onrrent is itrong, at 
-right anglea to the win. This ia the principle of the needle telegraph 
inTentad bj Wheatstone, and whioh ie itdll used, althongh othen ue 




gradiullf snperaeding it. Bnt the limple iMttery deeoribed U not Bofi- 
eiantl; permueDt and ateadj in its aotion to inpply eleotrimlj for 
telegraphio pnipoaen, and the anangement of DaniaU ia, on the whole, 
the eaaiett and beat tor the toymakar to oonatmot. The elementi an 
line and oopper, aa before, the ezeiting floid dilute anlphnrie aoid, 
hat the sine ia inclosed in a porom jar of aaiUienwaTe, ot in a veaaal of 
oanvM or brown paper, and la then kept apart b; itaeU, bnt ataadiiv 
witliii] the copper t^linder. The latter ia filled with a aolntion of anlpbate 
of oopper kept aatnntad by means of ciyatall of the aalt ao plaoed aa to 
•be giadnallj diaaolTed, Fig. 119 rapnaenti this anangameDt in detail. 
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A is the battery oomplete ; a ig an outer yeeeel of oopper, forming at onoe 
the negative element and the oell to contain the solntion of gnlphate. 
The capadtj is from 1 pint to 1 qnart, but may, of oonrse, be Taried 
to snit oircnmstanoes. A gallipot will do jnst as well, with a strip 
of sheet oopper bent into the form of a cylinder plaoed inside it (b) ; and 
represents a porons cell, nsnally of plaster of Paris, seen again at 
-5 ; E is a oiroolar shelf of perforated copper, with hooks to support 
it inside the outer vessel. It serves to steady the porons cell which 
utands within it, and also to support the crystals of sulphate of copper. 
B is one form of zinc, a flat plate supported by a cross wire, or a bit 
of wood or tobacco pipe placed through a hole in it, and resting on the 
edge of the porous oylinder. Instead of this, a neater plan is to cast a 
^lindrical rod of zinc as at D, and to solder in it the wire which carries 
the binding screw. To fit over this, a round disc of wood is made with a 
turned flange or tenon, fitting easily inside the porons jar, and a stout 
wire is soldered at e to the copper oylinder. 

With this battery, if the zinc is amalgamated, no wasteful action goes 
on until connection is made by a wire between the oopper and zinc 
elements. As soon, however, as this is effected, the zinc begins to be 
acted on by the sulphuric acid, and a current of electricity is set up. 
The zinc is gradually dissolved, and the metallic copper is deposited in 
the form of a red-brown coating all over the inside of the outer vessel, 
thus partially exhausting the copper solution. The waste is, however, at 
once supplied by the crystals of copper salt placed on the shelf. We have 
here not only a battery, but what is called a decomposition cell, in which 
the copper is constantly being separated and deposited from the sulphate 
el copper solution. It is this coating which keeps up the steady action of 
the battery, the zinc element in the simpler form gradually forming a 
deposit on the face of the copper, while bubbles of hydrogen from the 
cine solution also attach themselves and diminish the surface of the 
metals exposed, thus reducing practically the size of the plates. 

In some batteries on this same principle the porous cells are made 
differently, being inserted as divisions in a long, narrow wooden trough, 
which is thus divided into compartments. Square plates of zinc and 
oopper are then used, connected by a copper band, and these are hung 
over the porous divisions, so that a zinc and a oopper plate face each 
^>ther in each cell. Thus far the battery is the Cruickshank, and, filled 
with sand saturated with the acid solution, was long used for telegraphy. 
But the cells, being now subdivided by porous plates of unglaaed 
earthenware, so that the zinc and oopper of each cell, though facing eaoh 
<»ther, are yet kept apart, we have the Daniell prisoiple, merely arranged 
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•onewbat dlifcnoily. Tlie oeDs ue, of ooone, obaifad, as befoce, witib 
nno-siilpliAte idhitioii next the ime, or snlphnrio aeid or nit and water 
in the oeUs in which the sine platee are mupended, and with solphate 
of oopper in the others. With oovera to prerent nndoe erapocation otT 
the fluid, this is an exoeOent battery tot tdegraphio pnrposee and for 
woildng an kinds of toys. From one to six oells, holding plates Sin. 
sqMce, will be qmto enough for experiment, and a dozen oells win work 
a telegraph with some miles ol wire between the intmments. It win be 
wen, I think, before desoribing eleotric toys, to advert to one more feet 
of galTamo eleetrioity. If a bit of soft iron is sorronnded by ooils of 
iniolated wire, or wire covered with ootton or silk or other sabstanoe, 
so as to prevent entirely metallic oontsot between adjacent ooils, the iron 
win become a magnet wlule the current passes along the wire, bvt the 
magnetism wiU cease as soon as the cnnent ceases. 

No more important diMX>yery was ever made ; and eleotric bells, doeks, 
and telegraphs, with deotro-motive machines of variovs kinds, depend 
upon this property of the eleotric fluid. 
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CHAPTER XXVI. 



TOYS WOBKED BY ELEOTBICITY.— MOTIVE 

MACHINES. 

The first and simplest of eleotro-motiye toys I will now desoribe is 
aotnated in the way as mentioned in the last chapter. A, Fig. 120, 
p. 258, is a wooden stand holding, in an npright position, the horse- 
shoe magnet (B) ; this is a permanent magnet of hard steel, of whioh 
the north and south poles are marked N.S. Between them rises an 
upright steel rod, on the pointed end of which a soft bar of iron (E), 
wound with coils of covered copper wire, is balanced to turn easily. 
The ends of this wire, which are uncovered, are formed into loops, 
from which hang loosely two bits of straight wire, amalgamated 
with mercury at their lower ends, and dipping into a circular trough 
of mercury, divided across by a partition of wood. 

The wires from the two elements of the battery are brought through 
the bottom of the drcular trough into the mercury, one on each side of 
the central partition. The result is that when the hanging wires are 
each in the mercury, one on each side of the partition, the oourse of 
the electric current is complete, and the fluid pervades the wire and 
renders the soft iron magnetic, establishing in it a north and south pole. 
But like poles repel each other, and unlike attract, and the revolving 
magnet which forms an armature to the permanent one, takes up a 
position at right angles to the other. But matters are so arranged 
that by this movement the hanging wires have been carried across the 
central division of the mercury reservoir, and have each dropped into the 
other's original place, thereby reversing the current. The poles are 
by this changed, the north becoming the south, and vice vend. The 
oonsequenoe is that with the impetus which carries it on a little 
further the circuit is completed, only to commence [as before the 
moment the pendent wires again come into their first position. A 

8 
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■imOaf iippantDB mui b« made, in wliioh tlia eoili Mid loft ii 
Uie Iioneihoe nufset uid the anapendsd ii«edle the permansnt on 
HicwBia aa weD, bnt it is mora diiBonlt ti 



PMnnr from thii, whioh, iltliancb it will ke«p [n rotation, 
litUe pow«r, we may go on to thOBS in wMoIi there an aersia] 
airanged in a eicole, oomin^ «DooeiiiTe1y into action. The maiii 
with all eleatro-moton is that, great as is the power of attiaotion 




Fis. 130.— Bii 



a magnet and its keeper, the dietanoe is hut small thiongh whioh tiiii 
is «ieirted. If the keeper be neorl; oloie, it may be attracted witlt 
immenae foroe, bnt at an Indh digtance the powat of attnotion a»j be 
quite inappieoiable. Battery power aUo, when it is obtained, m it 
usually is, by the Baorifioe of the ime, ia too ooatly for eoonomioal 
applioaljoit. This haa much retarded reeaarah in thia direetion, and only 
leoently have fresh attempts been made to arrange something praotioilly 
nsetol aa an eleotro-motiTe engine. Aa jet, however, nothing haa been 



TOTS WORKED BT SLECTBICITT. — MOTIYE MACHINES. 259 

contriYed which can be called even promiaing. There appears to be a 
sonrce of enormons power at hand, and yet, from the aboye reasons, it 
appears impossible to apply it satisfactorily. It is easy to arrange the 
machine, and no power is so well controlled, but unless it can be need 
more economically than steam, the latter will retain the important place 
which it has so long held. Batteries are made, indeed, with other 
elements, but somehow the zinc is the one not easy to replace, and it 
mnst be consumed, or there is no electricity generated. The negative 
element may be silver, copper, gold, platinum, coke, carbon, and, 
possibly, many other substances, but the zinc still remains as the 
positive element. 

A number of mag^nets are arranged round the periphery of a wheel, 
disc, or cylinder turning upon an axle, and around these are ranged a 
succession of keepers, permanent magnets or otherwise. Each of the 
magnets on the cylinder is therefore tolerably close to its keepers at any 
moment, so that as soon as the battery power is made to act upon the 
electro magnets, attraction takes place. Just as the magnet and keeper 
are on the point of contact, or exactly opposite to each other, connection 
is broken for a moment, so that the impetus is allowed to carry the wheel 
round towards the next set of keepers, on approach to which the power 
is again brought into action and the wheel pulled a little farther round. 
In principle the action is simple, but when it is worked out in detail it 
has not given quite such satisfactory results as might have been expected. 
This is, nevertheless, of necessity the principle of all motive engines 
actuated by electrical agency, and very large sums are constantly expended 
in the attempt to produce in this manner a really satisfactory machine, 
that may be used for railway and other purposes. 

We can construct a toy motor as follows : Arrange four, six, or as 
many electro magnets as can be managed, round a horizontal axis, and 
these, being in succession connected with the terminals of the battery, 
must attract or be attracted by one or more fixed magnets or pieces 
of steel arranged as armatures. I will now give details of one such 
toy, from which it will not be difficult to devise others; but before 
describing it it will be as well to remark here that the wire of the 
electro mag^net and its coil, however well covered, is not always so 
perfectly insulated as to prevent electricity from passing sideways 
from coil to coil, or from some one coil of the first layer to the 
magnet itself. Hence, care taken in the perfect insulation is always 
sure to be well repaid. Do not, therefore, wind the first coil directly 
upon the soft iron core, but insert the latter through the hole of 
a bobbin made like a ootton reel with big ends, or put on a t^Iinder 

S 2 
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ttt oud, uid wind ontaida it, and if the work ia ii^ortuit, nU 
rannd akek o^ » (trip of tliiii theet gntta penhk, oi ooat it witii 
twrriin WKE. Uu wiie of 16 or 30 gutga, and bv »ii ahtmt fonr 
w^, ima orar the other, bnt lakTe ont the endi, as joo win need to 

For the nuwMne at toy onder oonaidaKtion, the elaotia megnets need 
not b* orer two inohea long. They will be of soft izon, the nia of » 
o«d*r peiudl, and, for » men toj, we need use no bobbiiu, bat joBt wind 
Mond » told of bUddar oi p^per out in » atrip and wound iua ooiL Wa 
will wind fdnr Imyen on eaah, and let five of them mond an axis at box 
or other wood. Tbe beat w^ ia to torn down a bit of eaoh abont iiiu 
loDK, and out a aorew on it, ot make the magnets of wood iomwi, wMdi 
will do T«7 well, aa the iion ia loft, and, being pointed, we can readily 
. like BO manj epokee of a wheel. For tiie 




pnrpoee of getting more power, we oan, if we like, make two aeta of anoh 
■poke*, bnt one will da for a toj. The fole is made of wood, bnt it haa 
a cap of brasB npon the end, the nae of whiuh ia to enable metallio oon- 
lawt to be made with Qie battray, eooh magnet being altemately aoted 
npon. This arrangement is called the oonunntator, or break, becanae 
the onrrent ie tlieiebr alternately aent throogh the magneta and oat oS 
again. Tbece are other wayi of making tliia part, bnt I give that whioh 
appears to me the moat aimple and effioient. 

It will be readily onderstood that on eaeh ooil there ninat be twoendaof 
wire, and that, in order to aend a onrrent throngh the ooil, one end mmt 
be in metallio eommnnioation with the zino or poaitiTe elemeiit of Uia 
battery, and the other with the copper or negatire terminal. Now, if 
Fig. 121 (A B) ia inapeoted, we ahall aee bow this o 
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made and broken as the axle reyolyes. Let P N be the two battexy wizes ; 
these are soldered to D 0, which are two strips of hammered brass rising 
from the stand of the instrument. F and H are the two ends of the wire 
snrronndinir one of the magnets. Of these, one is snnk into the axle by 
laying it in a groove in the wood, bnt its end, scraped clean and freed 
from its cotton covering, is in metallic contact with M, the metal oap of 
the axle. F, the other end of the wire, stands above the surface, and is 
scraped bright, and is in contact with the spring (D). Whenever, there- 
fore, the revolution of the axle brings D and F into contact, a current of 
electricity will pass from the zinc of the battery through the coil and back 
to the copper, the circuit being complete ; but when by its revolution the 
axis carries F away from the spring (D), the latter falls on the wood of 
the axle, which is a non-conductor of electricity, and the circuit is broken, 
and the soft iron core of the coil ceases to be magnetic. All the wires 
have one of their ends connected to the metal cap and the other lying 
above the surface, the end only being bent down and inserted in a hole in 
the wood to keep it secure. 

Then the spring which lies in contact with the projecting wires passes 
over the sunken ones, and these may be further protected by a coating of 
sealing-wax varnish. Where contact is intended to take place, both wires 
should be coated with meroury, or amalgamated, as it is called, to 
prevent corrosion, and, as I have also spoken of amalgamating the zinc 
of the battery, I will now describe the process, because it is of common 
occurrence in galvanic apparatus. The zincs are washed dean, and then 
wiped over with a little dilute sulphuric acid and fluid mercury, which 
may be placed in a dish and the zinc held in the same while it is being 
wiped over with a bit of tow ; or the zinc may be laid flat in the dish in 
the mercury and acid and wiped in this way until a bright coating is spread 
over the surface. The sulphuric add of the battery will act but very 
slightly upon zinc thus protected until the wiros are connected, so that 
waste of the metal is to a g^reat extent prevented. When a sixigle 
cell is not powerful enough to drive a machine, two or more can 
be connected, uniting the zinc of one to the copper of the next by 
a bit of wiro. The terminals of a Daniell generally end in brass 
knobs with binding screws for the purpose, but it will be equally 
effeotual, and often more so, to twist together an inch or two of 
the wire to be joined. Flat copper bands are also excellent terminals, 
especially if amalgamated. 

In the sketch (Fig. 122, p. 262,) of the deotro-motive engine which 
I have been describing, the support of the revolving cylinder and ibe 
commutators are not shown, but will be understood from th« drawing 
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in oonneotion with tha pMriona Sgun. Here A. U m eircle m liag 
of wood, anpportliig Kt eqtwJ diituiaa short bua of steel, prefeikblj 
magBSte, muked 0. Thii la fixed to n bue and ituid (F). D is the 
akpped end of the rerolTing ojlindei G, into whioh, u eipl^ned, rtKli&ting 
elMteo megneta (B) ie fined. The wires bom the ooils, Ikere made wiOi 
wooden bobbiiia, mn oairled aa ehown in the preriom fignce, ao u to 
brii^ the nugneti altenutal; into aotion. When, bowerer, then am & 
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nnmber of theie, it is ea^ go to anange Qie oommntatora aa to oanae 
eleotrioitif to affeet tiro, foni, or all six, as may be deeired, so thftt they 
Shan be attracted by the fixed ma^eta (C). Bnt matteia mnst aim 
be BO airaiJKed that the eleottia action shall ueaaa the moment tile fixed 
and Eotaiy magnets aie opposite eaoh other, to permit the motion to 
ba earned on by impetus alone until OMih magnet again oomes within 
attnwtiTe iSMh of the fixed magnet. Now, if we add to the single oirole 
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of magnets two or three others on the same axis, and set circles of fixed 
magnets intermediate to the first, we can obtain a oontinnons power, the 
magnets being placed so as to form a spiral like the thread of a large 
screw. In this way, far greater power is obtained, since every magnet 
may be so placed as to be almost close to the fixed one, upon which it is 
momentarily to act. In every case, however, the power so obtained failB 
to become an economical one ; otherwise it is so manageable and generally 
advantageous that it is no wonder our engineers are constantly recurring 
to it as a motive power. There is not one which is so promising, yet 
so tantalising. 
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CHAPTER XXVII. 



TOYS WOBEED BY ELECTBICITY.— BELLS. 

Thkbb are few peraonB who have not at yarioTLs times and places been 
annoyed by inefficiently hnng bells, and there are not many houses in 
which one or more are not defeotlTe. However well arranged at firsts 
mst very soon obstructs the freedom of their action, or paper-hangfers and 
painters and whitewashers one and all cause the cranks to stick fast or the 
wires to corrode and break. None of these drawbacks attend the use of 
electric bells, because the wires and their supports have not to move at 
all, but simply to convey the electric current from the battery to the 
magnetic arrangement, by which the hammer or clapper is made to act 
upon the bell. The latter may thus be placed at any distance from the 
bell pull or ''push, *' and the wire can be carried round comers and 
bent about in any direction without detriment to the ringing powers 
of the apparatus — an advantage of itself sufficient to recommend the 
system for general use. Nevertheless, so wedded is John Bull to <dd 
contrivances, that the electric bell is but slowly supplanting the old and 
imperfect arrangement. Perhaps, like many other scientific appliances, 
the electric bell is generally considered a mere toy, not of very much use 
for practical purposes. This is quite a mistake, but the idea being 
exactly suited to the subject of the present book, we will call it a toy, 
and as such describe it. 

There are two forms of electric bells in use. In one the bell makes but 
one stroke on pushing in the handle ; in the other it continues to ring like 
the alarum of a dock as long as the hand of the operator presses in the 
handle or push which connects it with the battery. A third arrangement 
is sometimes used, in which the operator cannot himself stop the 
ringing after once setting it in action, and it is then thrown out of action 
by the servant or other attendant who answers the signal. Only one bell 
is required for several rooms, and there is an indicator in the oironit. 
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which acts npon a sort of telegraph, and oansea a diso to display a 
certain letter or number to indicate the particular room from which the 
signal has been made. Here is another advantage oyer the old systemi 
in which each room has its own particular bell, with its connecting wire* 
cranks, and other fittings, all costing money, and all liable to injury by 
rust or breakage. The only question that really arises is, whether the 
battery can be relied on as the source of power ; and in practice this 
has been favourably answered where the Ledandh^ carbon cell is 
used. But, permanency not being, as a rule, a characteristic of toys, we 
can experiment with the Daniell battery, which will serve the purpose 
very well indeed. 

The electric bell is made to act by the magnetisation of a bar or 
horseshoe of iron like that previously described, a coil of covered 
copper wire conveying the current of electricity from the battery to the 
magnet. The hammer which strikes the bell is attached to, or itself 
forms, the keeper, and its sudden attraction, when the current passes, 
causes it to give the blow. Fig. 123, p. 266, will sufficiently explain such 
a bell, and will be found to represent one of a very simple form, easy to 
construct. It is a single stroke bell, i.e., one blow is given each time the 
key is depressed by the person sending the signal. A is the bell, which 
can be bought for a shilling at any clock maker's. It is mounted npon a 
short and stout wire driven firmly into the wooden board forming the 
support of the apparatus. Its edge need but just dear the board, so as 
to allow it to sound freely. B is the hammer attached to 0, a steel or 
hammered brass spring, fastened by the screw D, so that the hammer 
is about iin. from the bell at E — the middle of the spring is riveted — an 
armature (E) just clearing the poles of the horseshoe magnet (F). This is 
also fixed to the board by a strap over its bent part, or by a holding down 
clamp of any other kind. I have already described this kind of magnet* 
and need only observe that the soft iron should be fitted with brass 
bobbins, and wound with eight or ten layers of cotton-covered wire* 
number 25 or 26, or thicker if preferred. The horseshoe may be of iron of 
fin. thick and 3in. long in each leg, and bent so as to bring the poles lin. 
apart. The keeper, like the magnet, is to be made of a short, flat bit of 
soft iron, as steel, if used, will become permanently magnetic, and the 
object in this case is to prevent any trace of magnetism as soon as the 
connection with the battery is broken. 

In winding the bobbins, it is essential to keep the coils in the same 
direction upon both, and here a mistake is easily made, for the direction 
is shown at B S, which at first sight looks wrong ; but wind a coil npon 
a bit of stick, break it in half, and turn the two pieces np on end, like 
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the legB of the horseshoe, and the wire or string will be seen to take the 
direction here illnstrated. Let the ends be ultimately brought to two 
binding screws (G H), or twisted round two screws of ordinary form. 
From one of these a covered copper wire goes straight to one pole of 
the battery. 

We have now to turn our attention to K L. This is one form of 
"push" or "touch," by which the magnet is put in connection with 
the battery, but it may be varied in any convenient way to suit a 
particular case. L is a lever of brass turning upon a pivot or axle. It is 
bent up at each end, and to one of these ends is attached the wire leading 
to the magnet ; at the other end is screwed a knob (E) of porcelain or 
wood, but care is taken that there shall be metal underneath to touch the 
pin or stud (M), also of metal, when the knob is depressed by the hand. 
When not depressed it is held free of the stud by a spring underneath it. 
We can now see exactly by what means the bell is rung. When the handle 
is pressed down it will be observed that the connection with the battery 
and electro magnet is complete. The current flowing from P passes to the 
binding screw (G), thence to the coil from which it emerges at K, thence^ 
passing to the metallic lever (L), it proceeds by the stud (M) to the second 
wire attached to the other pole of the battery. As the circuit is thus 
complete the horseshoe becomes a temporary magnet, and attracting the 
keeper (E), this is brought down quickly, causing the hammer to make a 
stroke upon the bell ; as soon as the hand is again lifted from off the 
knob (K) the circuit is broken, the horseshoe ceases to be a magnet, and 
the bell hammer again flies up to its original position over the edge of the 
bell. However rapidly the knob is again and again depressed the magnet 
will answer so that the bell may be made to keep up a peal or only caused 
to utter a single sound. 

In practice with a powerful battery it suffices to have one wire the same 
as now used for conveying telegraphic messages, but two will be far better 
in a toy or model. No. 16 covered wire is about the best to use, and 
a battery of two of Darnell's quart cells will provide sufficient electricity 
to ring from the top of the house to the bottom. To make a bell that 
will continue to ring as long as the hand is steadily pressing down the 
touch, it is only necessary to make the hammer spring a part of the 
circuit. A stud is placed at E, behind the spring, against which it rests, 
and from this stud one of the wires goes to the battery ; the other wire is 
led to D, the push being, of course, in the circuit as before. In this case, 
as soon as the magnet attracts its keeper— giving also a stroke upon the 
bell — ^the keeper being drawn away from the stud behind, it causes the 
circuit to be broken ; it then flies back again agaiost the stud, whidh» 
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imtanUj renewing oommonioation with the battery, osases attraetion to 
take place again, with the same TesniLt of instantly breaking the oironit. 
This goes on with lightning rapidity, so that the strokes upon the bell 
are renewed instantaneously, the hand remaining steadily upon the toueh. 
It is quite as easy to arrange matters thus as to make a bell to giye but 
a single sound. 

All conneotions whioh are made and broken by simple contact of the 
metallic terminals require close attention. Th^ should always be made 
by means of amalgamated copper or small discs of platinum soldered on. 
If there be rust or dirt at any one such point the circuit will be rendered 
incomplete. This would be the case with the top of the stud (M) and the 
metallio termination of K. It will, of course, be necessary to strip off 
the cotton covering of the copi»er wire where it passes the binding screws, 
and here again the screws as well as wire should be amalgamated 
with mercury. 

At Fig. 124 is illustrated a different form of push to that previously 
described, in order to show the variation that may be made in tiiii 
part of the apparatus. It consists of a bent lever of brass, witii a 
handle or knob of porcelain at one end for the finger and thumb. It 
turns upon a central screw, to which one wire of the battery is ocmneotscL 
The battery wire goes from F to the stud H, to which one end d 
the wire from the magnet is also fastened. The other wire tram, H 
on the bell board comes to the other stud, marked G. If the handle 
of the push is moved to the left till it touches the stud L, theotiher 
end of the bent lever then resting against G, the current will pass from 
one pole of the battery by the studs and bent lever to G, thence to H,«Bd 
along the hammer-spring to the stud (0). It will then go to the magnei^ 
and by its coils and line wire to H, and finally to F, the opposite pole of 
the battery. The connection being complete, and the horseshoe magnet 
drawing down its keeper and making a stroke on the bell, connection will 
be instantly broken between the keeper and the stud (C), and the former 
will fly back to the stud owing to the cessation of magnetic attraction, 
then at once renewing the circuit and causing the same effect as before. 
The stud on the opposite side of the push handle is merely a stop 
for the lever to rest against. 

The indicator, which allows of one bell being used for several rooms, is 
in itself a very simple affair, which is illustrated in Fig. 125, p. 270. A 
mahog^any box contains a set of small electro magnets, which are ccmnected 
each with the line wire of a particular room, and are thus brought into 
the circuit between the touch of that room and the electric bell common 
to all tihe rooms. To the keeper is attached a slide carrying a tablet 
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or diH, whioh ii aeon Uurongh a, hole in tlia front of the oam when the 
keepei drawa it down, bat ii out of tight othetwiae. Ah soon u the 
tondh il depTMsed or moTed, ao >b to oomplete the oiicnit, the tttUet ia 
then diapl^red at tbs instant that the bell alao lonnda. A (Fig. 135) 
sbowm the «Me, and B the internal amngunant; a the imall magnet, h iti 
heeper, to which it attaohed a wire with the elide and dim (c)- 'When the 
attendant notioea the aignal, he laiiea the slide and keepac b; nuHme ot 
the button d, nntil it is etapp4id by a etnd or Btndi, which prevent its 




being raised too far and taken ont of raaoh of the attiaotion of the magnet. 
One diso only is needed if bat two room* &re to be signalled, bat, with 
sereral, one case is need fitted with a row ot the RnuU magnets, eaoh 
baring ita own abnttei, ao that a servant can at onoe aee from wbioh of 
the TOoma the aignol waa sent. Although the oontinnonaly sonnding bell 
i* in one sense tbe more affeotiTe of the two, ;et the single stroke has thia 
one advantage — -that signals can be arranged ao easily. One stroke, for 
instance, may summon tiie footman, two the honseinaid, or, in an offlee, 
the different olerke ; and mob a ooda oan, ot oonrse, be indeAnitel; 
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extended to suit th» gpeoiaJ raqnirementa of the ectabliihnient in whiali tlw 

ajttam at eleotrio beDi ii naed. 

I b»Ta not nid > gnai deil ftbont the electric or galTanio battery 
bMuue the beat form for electric belli is not one which the toymmker is 
likelj to mmia for hie own nae. Bnt I maj m wall, perhapi, explain hero 
the nfttnie oF the cmrbon battoiy that baa now veiy genenU; taken the 
pUce of the Daniell oelk. I beliere Bnnsen'g wai the first battery with 
oahe instead of ooppei' or silTCT M the DSgntiTe element, and the power 
of his airan^ment was enonaom. The vesBcl oontaiaing tha elamenta 
waa glass or earthenware, ia which stood a porons pot, aa in Daniell'a 
battery. But in this pot was a rod or block of oazbon or gaa coke acted 
on by the itrongeBt nitric acid ; aroond tlie porooii pot was a oylinder of 




lino, <^en at bath ends, asd excited by a sdlntion of dilnte inlphnrio ai^. 
The faolt of this battery is that the fumes given off from the ooke and 
nitric acid are so deleterions and anffooatiiig that the actual battery moat 
ataud ont of doors or nndei a obimney or apecial air shaft. Orora'a 
battery, in which the carbon is rephuwd by a plate of platinum, the same 
aoida haisg naed, pregenta a similar diaadvantage, but ia also of great 
power, and very anitable for the performance of brilliant expetimeata when 
persistent and long-anitained action is not specially reqaiied. Bnt for 
telegraphy and bell ringing we reijDire a power not neeesBarily rary great 
bnt well sastained — a power that ahall go on for weeks or months with- 
ont special attention. One or two batteries poeseaa this qnalifioation in 
an eminent degree. The biohroraate battery ia Bonaen's arrangement 
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bnt with bichromate of potash around the carbon, addified with Bnlphurio 
acid. This is a constant battery much liked by many. 

Another form is made by a plate of zinc between two plates of carbon, 
excited by bichromate of potash in a concentrated solntion, with a little 
snlphario acid as before. Bnt the Ledanch^ cell is so good and so 
constant in its effects that it is fast supplanting all others. In this 
the carbon rod stands in a porous cell as before, but instead of an add 
solution, a mixture is used of powdered coke, manganese, and carbon, 
and the inner cell is sealed up so as to prevent corrosion from the sal 
ammoniac, which is used in the form of a concentrated solution in the 
outer cell to act upon the zinc. 

The carbon batteries at the shops are beautifully got up, the carbons 
being sawn neatly into square bars, or made by a process of moulding ; 
but it is by no means difficult to make one good enough for home 
experiments by obtaining a bit of gas carbon or coke at the gas works, 
and sawing and gfrinding it to such a form that it can be suspended inside 
the porous cell. The zinc will hardly answer if cut from a sheet, owing to 
its thinness, as it will soon be altogether consumed by the acid or sal 
ammoniac. It ought to be cast to a thickness of iin. or thereabout, and 
well amalgamated. You may effect this operation of casting by using a 
clay mould well dried or baked, or by making use of such a thing as a 
drain tile and standing in the middle of it a solid cylinder of dried and 
baked clay large enough to allow a space of iin. between it and the pipe 
to receive the melted metal. To make a clay mould in another way, 
heap up a mass of well worked clay, and haying flattened it at the top, 
press down into it a common gallipot or jam pot, month downwards, 
or, preferably, any smooth cylinder open at both ends. This will, when 
withdrawn, leave an annular space or gr^oove, into which to pour the 
melted zinc. Take care, however, not to use the day too moist, and on 
no account hold the face near it, in case the sudden formation of steam 
from the wet mould should drive out the molten metal, as will oooa- 
sionally happen, in spite of ordinary precautions. 

All parts of a battery made of metal which are liable to corrosion should 
be coated with some one of the varnishes sold for the purpose, or with 
melted paraffin (wax) poured over them. A battery so sealed and pro- 
tected will often work for two years without any attention whatever, and 
when it ceases to act all that is necessary is to unfosten the wires and 
replace it by a new or freshly-charged one, a mere work of a minute or 
two. When removed, the worked out cell or cells must be emptied and 
well washed, new zinc placed in the cells, and all metal connections and 
screws deaned and revamished. It will then act again as well as ever. The 
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OMrbon win not veqnire renewal in most oases, but only to be well soaked 
and bmshed in hot water, withont using soap or soda. There is nothing 
diiBenlt in the conatmotion of this or any other form of electrical appara' 
tna if attention be paid to the metallio connections. It matters little that 
home-made apparatns is of a rougher kind, and that the insnlated wire 
may not, perhaps, be wound with perfect evenness. At the same] time, 
as I have adyiaed throughout the whole of this book, let every 
endeavour be made to attain neatness in the construction of toys, 
whether of a acientifio kind or otherwiae. They may or may not work 
the better for extra care in thia reapect, but th^ will, at any rate, be 
more creditable aa well aa more satisfactory to the maker. 

I have now fulfilled the task which I undertook, and have carried the 
toymaker onward from lesser to greater and more important work, still* 
however, leaving him to encounter such difficulties as time and practice 
alone will enable him to overcome. This is, in point of fact, the difficulty 
inseparable from all such instruction books as the present. One is obliged 
to aasume a profldenoy and a rapid advance in constructive skill which 
cannot possibly take place within that imaginary period intervening 
between chapter and chapter — ^a period wholly theoretical. A toy cart 
or doll's house will not in reality be made to-day and an engine to-morrow 
by an unpractised hand, but I hope that the descriptions given may, 
nevertheless, stimulate the amateur carpenter and toymaker to work with 
patience and deliberation, as showing him how he may advance in know- 
ledge and manipulative skill by ordinary care and painstaking. With 
every good wish for his success, I now, therefore, bid the toymaker 
farewell. 
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CLOCKWORK TOYS. 

Clockwork Locomotives, 135 
Boiler, wooden, 137 
Lathe centres, sabstitnte for, 136 
Sabatitate for lathe centres, 136 
Wooden boiler, 137 

Clockwobk Mechanical De- 

TICES, 139 
Arrangement for conjormgTurk's 

figare, 143 
For figure procession, 141 
Conjaring Turk's figure, arrange- 
ment for, 143 
Crank, revolving, with three 

arms, 140 
Figure procession, arrangement 

for, 141 
Forked lever, with revolving 

wheel of one cog, for figure 

tolling beU, 142 
Horizontal platform, 141 
Mechanical movement toy, plain 

crank for, 139 
Plain crank for mechanical 

movement toy, 139 
Platform, horizontal, 141 
Revolving crank with three 

arms, 140 
Wheel of one cog, 142 
Wheel of one cog within 

forked lever for figure 

tolling bell, 142 
Snail, 140 

With steps, 140 
Wlieel, revolving, of one cog, 142 

Principlbs of Construction, 122 
Arbor, fixing brass wheel to, 129 



Principlbs of Construction 
{continued,) 

Brass wheels, 122 
Caliber or plan of the wheels, 126 
Click wheel and ratchet arrange- 
ment, 131 
Construction, principles of, 122 
Cutter and cutter frame, 124 
Driving power for toy dock, 133 
Fan fly, 131 

Fixing brass wheel to arbor, 129 
Frame cutter and cutter, 124 
Index, 123 
Ratchet arrangement and click 

wheel, 131 
Toy dock, driving power for, 133 
Wheel plan or caliber, 126 
Wheels of brass, 1 22 

ELECTRICAL TOYS. 

Bells, 264 

Alarum electric bell, 269 
Electric indicator, 270 
Indicator, electric, 270 
Single stroke electric bell, 266 

Frictional Machines, &c., 238 
Apparatus, electrical, 250 
Cylinder electrical machine, 245 
Electrical apparatus, 250 

Machine, cylinder, 245 

Machine, 241 
Electricity, producing, 240 
Machine, electrical, 241 
Positive and negative eleotri- 

oity, 239 
Producing electricity, 240 
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Galvanic Battbbies, 252 
Details of galyanio battery, 254 

MoTiYE Machines, 257 

Coil, &o., showing means of 
making and interrapting 
oommonioation, 260 
Eleotro-motive engine, 262 
Simple electro-motiye toy, 258 



SAND TOTS. 

Pbinciplbs op Construction, 
113 
Acrobat toy, self-aoting, 115 
Constmotion, principles of, 113 
Self-acting acrobat toy, 115 



SIMPLE WOODEN TOYS. 

American clamp, 12 
Appliances for lathe, 15 
Bench with mortice holes, 13 
Boards, contrivance for holding, 10 

Wedge for holding, 11 
Carts, farm, 57 

Large, 55 

Small, 43 

Tip, or tambrill, 59 

Wheels for large, 49 
Chairs, miniature, 106 
Chest of drawers, miniature, 108 
Clamp, American, 12 
Click-clack mills, 84 
Contrivance for holding boards, 10 
Doll*s house, 99 

House furniture, 104 
Drawers, miniature chest of, 108 
Engines, simple locomotive, 90 

With oscillating cylinders, 93 
Expedients and makeshifts, 10 
Farm cart, 57 

Fumitare for doll's house, 104 
Gkirdener's wheelbarrow, 73 
Glue, preparation of, 7 
Glueing, 8 
Grinding tools, 38 
Hand mills, 75 



Hand rollers, 65 
Horse rollers, 66 
Horses, 47 
House, doll's, 99 
Introduction, 1 
Large carts, 55 
Lathe appliances, 15 

Simple, 15 
Locomotiye engine, simple 90 

Engine with oscillating cy- 
linders, 93 
Metal turning, 29 

Turning, slide rest for, 35 
Mills, dick-clack, 84 

Hand, 75 

Wind, 75 
Miniature chairs, 106 

Chest of drawers, 108 

Sofa, 107 

Table, 105 
Mortice work, tools used in, 67 
Navvy's wheelbarrow, 73 
Ordinary wheelbarrow, 71 
Painting, 8 
Paints, 9 
Planning stop, 11 
Boilers, hand, 65 

Horse, 66 
Sharpening tools, 38 
Slide rest for metal turning, 35 
Small carts, 43 
Sofa, miniature, 107 
Stool with mortice holes, 13 
Stop, planing, 11 
Table, miniature, 105 
Tip cart, or tumbril, 59 
Tools for metal turning, 22, 29 

For wood turning, 16 

Grinding, 38 
Tools necessary, 5 

Used in mortice work, 67 
Turning in metal, 29 

In Wood, 23 
Waggons, 61 

Wedge for holding boards, 11 
Wheelbarrow, gardener's, 73 

Navvy's, 73 

Ordinary, 71 
Wheels for large carts, 49 
Windmills, 75 
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Wood turning, 23 

Turning, tools for, 22 
Woods used in toymaking, 7 



STEAM TOTS. 

BbAZINQ and SOLDEBINa, 144 

LocoMOTiYE Enqinbs, 217 
Arrangement for lamp, 223 
Boiler of tin for engine, 218 

With inside tube, 220 

With two tubes, 221 
Circular railway, 236 
Framing and plate, 225 
Lamp arrangement, 223 
Piston rod, 229 
Plate and framing, 225 
Self-acting signal, 236 
Signal, self-acting, 236 
Slide valve engines, 229 

Valve locomotive, 233 
Slotted link arrangement, 232 
Tender, 224 

Tin boiler for engine, 218 
Turning ends of boiler, 222 

Simple Stationaby Engines, 

151 
Jet engine, single, with glass 

bulb, 155 
Beaotion engine, simple form of, 

158 
Simple form of reaction engine, 

158 
Stationary steam engine, 153 
Single jet engine, with glass 

bulb, 155 
Stationary steam engine, simple 

form of, 153 

Slide Valve Koines, 192 
Arrangement of packing, with 

flange and nut, 199 
Bosses, shaping, 209 * 

Crank turning, 207 
Cutting steam holes in cylinder, 

195 
Cylinder, cutting steam holes in 

the, 195 



Slide Valve Enqines (con" 
tvMied), 

Cylinder for slide valve engine, 

193 
Eccentric and hoop, 205 
Forked connecting rod, 208 
Hoop and eccentric, 205 
Packing, arrangement of, with 

flange and nut, 199 
Piston and ring, 199 
Bing and piston, 199 
Sectional parts of slide valve, 196 
Shaping bosses, 209 
Slide valve engine, cylinder for, 

193 
Valve, sectional parts of, 196 
Turning crank, 207 
Vertical section, cylinder on "A*' 

frame, 200 

Stationary Cylinder Enqines, 
160 

Arrangement of double action 
cylinder engines for steam- 
boats, 178 
Steam block and cylinder, 165 

Bedding cylinder in chuck, 183 

Block, steam, 185 

Boiler, upright, with single cen- 
tral flue, 176 

Castings, &c., for cylinder steam 
engine, 162 

Centreing cylinder, 186 

Cylinder bedded out in chuck, 
183 
Engine, simple stationary, 164 
Marking, 188 

Double actiou cylinder engines 
for steamboat, arrangement 
of, 178 

Flat topped steam dome, with 
lever safety valve, 169 

Gauge, 173 

Lever safety valve, with flat 
topped steam dome, 169 

Manhole, 174 

Marking cylinder, 188 

Oscillating cylinder and attach* 
ments, part section of, 190 
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8TATI0NA.BT CtLINDBB ENGINES 

(eontvrvued). 

Part section of oioillating 

cylinder and its attach- 

ments, 190 
Plan for taming cylinder, 187 
To centre cylinder, idiowing 

surface plate and soriber, 

186 
Safety yalve, sectional drawing 

of, 171 
Scribers, 188 
Sectional drawing of safety 

▼alve, 171 
Simp'e stationary cylinder 

engine, 164 
Steam block, 185 



Stationabt Gtlindsr Enqikes 
(continued). 

Steam block and cyli der, 
arrangement of, 165 

Surface plate, 188 

Taming cylinder, plan for, 187 

Upright boiler, with single cen- 
tral floe, 176 

V block, 188 

TuBNiNQ Fly Wheels and 
Small Bolts and Kijts, 
210 . 
EocentHc(' getting an, 211 
Making screw bolts, 214 
Screw bolts, making, 214 
Setting an eccentric, 211 
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